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[57] ABSTRACT

The Invention concerns novel compounds of the for-
mula I

ORI |
R4 ' N—OR?2
V4
C
(X) Q ‘ \R3
I \
Y N,

wherein:

m 1S an integer selected from 1 to 4;

n is zero or an integer selected from 1 to 4;

X are selected from halogen, nitro, cyano, alkyl, sub-
stituted alkyl, hydroxy, alkoxy, alkylthio, sulfa-
moyl, substituted sulfamoyl, amino, substituted
amino, the group —(CH3),C(=A)Z 1n which p 1s

“zero or one A is oxygen or sulfur, and Z is hydro-
gen, hydroxy, alkoxy, alkylthio, alkyl, substituted
alkyl, amino or substituted amino, the group
—NHC(=—B)NR7R?%in which B is oxygen or suifur
and R7 and R8 are hydrogen or alkyl;

R1is selected from hydrogen, acyl and an inorganic
Or organic cation;

R2 is selected from alkyl, substituted alkyl, alkenyl,
haloalkenyl, alkynyl and haloalkynyl;

R3 is selected from alkyl, fluoroalkyl, alkenyl, alky-
nyl, and phenyl; and

R4 is selected from hydrogen, halogen, alkyl, cyano
and alkoxycarbonyl. |

The compounds of the invention show herbicidal prop-
erties and plant growth regulating properties and in
further embodiments the invention provides processes
for the preparation of compounds of formula I, interme-
diates useful in the preparation of the compounds of
formula I, compositions containing as active ingredient
a compound of formula I, and herbicidal and plant
growth regulating processes utilizing compounds of
formula I.

13 Claims, No Drawings
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HERBICIDAL CYCLOHEXANE-1,3-DIONE
DERIVATIVES

This invention relates to organic compounds having 5
biological activity and in particular to organic com-
pounds having herbicidal properties and plant growth
regulating properties, to processes for the preparation
of such compounds, to intermediates useful in the prep-
aration of such compounds and to herbicidal composi-
tions and processes utilizing such compounds and to
plant growth regulating composmons and processes
utilizing such compounds

The use of certain cyclohexane-1,3-dione derivatives
as grass herbicides is known in the art. For example, the
“Pesticide Manual” (C R Worthing Editor, The British
Crop Protection Council, 6th Edition 1979) describes
the cyclohexane-1,3-dione derivative known commer-
cially as alloxydim-sodium (methyl 3-[1-(allylox-
yimino)butyl}-4-hydroxy-6,6-dimethyl-2-oxocyclohex-
3-ene carboxylate) and its use as a grass herbicide. This
compound is disclosed in Australian Pat. No. 464,655
and its equivalents*such as UK Pat. No. 1,461,170 and
U.S. Pat. No. 3,950,420, |

More recently, at the 1980 British Crop Protection
Conference (*“1980 British Crop Protection Conferen-
ce—Weeds, Proceedings Vol 1, Research Reports™, pp
39 to 46, British Crop Protection Council, (1980), a new
cyclohexane-1,3-dione grass herbicide code named NP
55  (2-N-ethoxybutrimidoyl)-5-(2-ethylthiopropyl)-3-
hydroxy-2-cyclohexen-1-one) was announced. This
compound is disclosed in Australian Pat. No. 503,917

and its equivalents.
It is also disclosed in Australian Pat. No. 464,655 and

its equivalents such as U.S. Pat. No. 3,950,420 that bicy-
clic fused diones such as 2-]1-(ethoxyamino) propylide-
nej-4,5-tetramethylenecyclohexane-1,3-dione have cer-
tain useful herbicidal properties.

It has now been found that a new group of fused
tricyclic 1,3 dione derivatives exhibit particularly useful
herbicidal activity.

Accordingly the invention provides a compound of
formula I or an isomer thereof:
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wherein:
n is zero or an integer selected from 1 to 4;
Y is a linking group selected from the group consisting

of: | >d
—(CH3)1—; —CH(CH3)—; —C(CH3)2—;
—CH(CH3)CH;—; —G(CH3)pm—; —CH>GC-
Hy—; —C(G)(CH2)m—; —GC(G)—; and
—NHC(G)—;
wherein: 60

G is selected from oxygen and sulfur;
1 is an integer selected from 1 to 3; and
m is zero or an integer selected from 1 and 2;

X, which may be the same or different, are indepen-
dently selected from the group consisting of: halogen;
nitro; cyano; Cj to Cgalkyl; C; to Cg alkyl substituted
with halogen or cyano; hydroxy; C; to Cg alkoxy; Ci
to Ce alkylthio; sulfamoyl; N-(C; to Cg alkyl)sulfam-

635

2

oyl; N,N-di(C; to Cg¢ alkyl)sulfamoyl; the group
—(CH3),C(=A)Z wherein p is zero or one, A is
selected from oxygen and sulfur, and Z is selected
from the group consisting of hydrogen, hydroxy, C;
to Cg alkoxy, Cj to Cg alkylthio, amino, N-(C; to Cg
alkyl)amino, N,N-di(C; to C¢ alkyDamino, N-(C; to
C¢ alkanoyl)amino, Cj to Cg alkyl, and C; to Cg halo-
alkyl; the group —NRPR® wherein R> and R® are
independently selected from the group consisting of
hydrogen, C; to Cg alkyl, Cs to Ce alkanoyl, Cz to Ce
haloalkanoyl, C; to Cgalkylsulfonyl, and benzoyl; the
group —NHC(=B)NR’R?8 wherein B is selected
from oxygen and sulfur and R7 and R8 are indepen-
dently selected from hydrogen and C; to Cg alkyl;
and the group —(CHz);,— which bridges two ad_]acent
carbon atoms of the benzene ring and where q is an
integer selected from 3 or 4;

R1is selected from the group oonsustlng of: hydrogen;
an acyl group; and an inorganic or organic cation;
R? is selected from the group consisting of: Cj to Ce
alkyl; Cj to Cgalkenyl; C; to Cg haloalkenyl; Ca to Ce
alkynyl; C3 to Cg haloalkynyl; and substituted C; to

Ce alkyl wherein the alkyl group is substituted with a

substituent selected from the group consisting of

halogen, C; to Cg alkoxy, Cj to Cg alkylthio, phenyl
and substituted phenyl wherein the benzene ring is
substituted with from one to three substituents se-
lected from the group consisting of halogen, Cj to Csg
alkyl, C; to Cs haloalkyl, C; to Cg alkoxy, and C; to

Cs alkylthio;

R3 is selected from the group consisting of: C; to Cg
alkyl; Ci to Cg fluoroalkyl; Cs to Cg alkenyl; C; to Cg
alkynyl; and phenyl; and

R4 is selected from the group consisting of: hydrogen;
halogen; cyano; Cj to Cg alkyl; and (C1 to Ce alkoxy)
carbonyl
When in the compound of formula I R! is chosen

from acyl the nature of the acyl group 1s not narrowly
critical. Although not intending to be bound by theory,
it is believed that when R!is acyl the acyl group may be
removed in the plant by hydrolysis to give the corre-
sponding compound of formula I in which R!is hydro-
gen. Suitable acyl groups include: alkanoyl, for example
Cs to Cg alkanoyl; aroyl, for example benzoyl and sub-
stituted benzoyl wherein the benzene ring is substituted
with from one to three substituents chosen from the
group consisting of halogen, nitro, cyano, C; to Cg
alkyl, C; to C¢ haloalkyl, C; to Cs alkoxy and Cj to Cg
alkylthio.

When in the compound of formula I R! is chosen
from an inorganic or organic cation the nature of the
cation is not narrowly critical. Although not intending
to be bound by theory, it is believed that when Rlis a
cation the cation may be removed in the plant to give a
compound of formula I wherein Rl is hydrogen. Suit-
able inorganic cations include the alkali and alkaline
earth metal ions, heavy metal ions including the transi-
tion metal ions, and the ammonium ion. Suitable organic
cations include the cation RIR1IOR!IR 12N+ wherein R,
R10, Rl and RI2 are independently chosen from the
group consisting of: hydrogen; C; to Cyp alkyl; substi-
tuted Cj to Cyg alkyl wherein the alkyl group is substi-
tuted with a substituent chosen from the group consist-
ing of hydroxy, halogen and C; to Cg alkoxy; phenyl;
benzyl; and the groups substituted phenyl and substi-
tuted benzyl wherein the benzene ring 1s substituted
with from one to three substituents chpsen from the



4,604,128

3
group consisting of halogen, nitro, cyano, C; to Cg
alkyl, Cj to C¢ haloalkyl, C; to C¢ alkoxy and C; to Cg
alkylthio.
The compounds of the invention may exist in either

of the two 1someric forms shown below or a mixture of 5

these two 1someric forms.

Ia

Ib

It should be recognized that when R!is hydrogen the
compounds of the invention may exist in any one, Or In
any mixture, of the four tautomeric forms shown below.

1la

//0 H b
R4 N—QOR?
-/
=C
(X \R3
H
A\
Y o
O Ilc
O 11d

Preferred compounds of the invention include those
compounds of formula I wherein:

Y is selected from one of the groups CH), CH;CHj,
CH;CHCH3, OCH3, SCH), CH>O and CH;S;

n is zero or an integer selecied from 1 to 4;

X, which may be the same or different, are indepen-
dently selected from the group consisting of: halogen;
C1 to Cg alkyl; Cq to Cg alkoxy; C; to Cg alkylthio;
sulfamoyl; N-(C; to Cg alkyl)sulfamoyl; N,N-di{C; to
Ce alkyl)sulfamoyl; the group —(CH3),C(=A)Z
wherein p is zero or one, A 1s oxygen or sulfur and Z
is selected from the group consisting of hydroxy, C;
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4

to Ce alkoxy, Cito Cg alkylthio, amino, N,N-di(C; to
C¢ alkyl)amino, C; to Cg alkyl; the group —NHR?>
wherein RO is selected from the group consisting of
hydrogen, C, to Cg alkanoyl, Cs to Cg haloalkanoyl,
C; to Cg alkylsulfonyl and benzoyl; and the group
—(CH2);— which bridges two adjacent carbon
atoms of the benzene ring and wherein g is an integer
selected from 3 or 4:

R1is selected from the group consisting of: hydrogen,;
C, to Cg alkanoyl; benzoyl and substituted benzoyl
wherein the benzene ring is substituted with from one
to three substituents selected from the group consisti-
ing of halogen, nitro, C; to Cg¢ alkyl and C; to Cs
alkoxy; benzenesulfonyl and substituted benzenesul-
fonyl wherein the benzene ring is substituted with
from one to three substituents selected from the
group consisting of halogen, nitro, C; to Cgalkyl and
Cj to Cgalkoxy; and an inorganic or an organic cation
selected from the alkali metals such as lithium, potas-
sium and sodium, the alkaline earth metals such as
magnesium, calcium and barium, the transition metals
such as manganese, copper, zinc, iron, nickel, cobalt
and silver, the ammonium ion and the tri- and tetra(al-
kyl)ammonium 1ons wherein alkyl is selected from
Ci to Ce alkyl and C; to C¢ hydroxyalkyl;

R? is selected from the group consisting of C; to Cg
alkyl, Cy to Cg alkenyl, Cs to Cg¢ alkynyl, C1 to Ce
haloalkyl, Csto Cg haloalkenyl and C3to Cghaloalky-
nyl;

R3 is selected from Cj to Cg alkyl;

R4 is hydrogen.

More preferred compounds of the invention include
those compounds of formula I wherein:

Y 1s selected from the group consisting of CHy,
CH-CH,;, CH,CH,CH,;, OCH;,;, SCH>;, CH>O and
CH>S; |

n is zero or an integer selected from 1 to 4;

X, which may be the same or different, are indepen-
dently selected from the group consisting of: halogen;
Ci to Cg alkyl; Ci to Cg alkoxy; Cq to Cg alkylthio;
sulfamoyl; N-(C1 to Cg alkyl)sulfamoyl; N,N-di(C; to
Ce alkyl)sulfamoyl; Cs to Cg alkanoyl; C1 to C¢ ha-
loalkanoylamino; and the group —(CHj),— which
bridges two adjacent carbon atoms of the benzene
ring and wherein q 1s an integer selected from 3 or 4;

R!is selected from the group consisting of hydrogen,
Cy to Cg alkanoyl, and the alkali and alkaline earth
metals;

R? is selected from the group consisting of C; to Cg
alkyl, C; to Cg haloalkyl, C, to Cg alkenyl, Cs to Csg
haloalkenyl and Cs to Cg alkynyl;

R3 is selected from the group consisting of Ci to Cg
alkyl: and

R4 is hydrogen.

Even more preferred compounds of the invention
include those compounds of formula I wherein:

Y i1s selected from the group consisting of CHoj,
CH,CH,;, CH,CH,CH,;, OCH,;, SCH;, CH,O and
CHjS; '

n 1s an integer selected rrom 1 to 4;

X, which may be the same or different, are indepen-
dently selected from the group consisting of: halogen,
methyl, methoxy, methylthio, methylsulfamoyl, ace-
tyl, propionyl, trifluoroacetylamino and the groups
—(CHj)3— and —(CH3)4s— which bridge two adja-
cent carbon atoms of the benzene ring;

R!is selected from hydrogen and the alkali metals;
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R2 is selected from the group consisting of C; to C3
| TABLE 1b
alkyl, C, to Cj haloalkyl, allyl, haloallyl and propar- ,_
gyl- OH
R3 is selected from C; to Cj alkyl; and | N—O—CH,CHj
R4 is hydrogen. | 5 C//
Specific examples of the compound of the invention \
include those compounds detailed in Tables 1a and 15 X A CH,CH3
below. Y pa4 g
TABLE la
OR!
N—OR?
V4
C
N\ 3
(Xn ' R
\
(CH2)rm O
Compound Substituents _
No X)), m R! R2 R3
1 H 2 H CH»CH;j; CH>CH3
2 H 2 H CH>CHj; CH>CHj3
3 H 2 H CH;CH; CH,CHj3
4 H 2 H CH;CHj; CH»CH,CH3 @
5 H 2 H CH>»CH;j CH>CH>CHj
6 H 2 H CH;CHj CH,CH>CH;
7 6-CH 3 2 H CH;CH;3; CH,CHj
8 6-CH3 2 H CH>CHj; CH;CH3
9 7-CH3 2 H CH)CH; CH,CH;
10 6-CH(OH)CH3 2 H CH;CH;3 CH»CHj3
11 6-COCH3 2 H CH>CHj CH,CH;
12 6,7-(CH3)3 2 H CH>CHj; CH>CHj3
13 6,8-(CH3)3 2 H CH;CHj CH,CH3
14 5,6,7,8-(CH3)4 2 H CH>CHjs CH»>CHj3
15 6-(CH10)—35,7-(CH3)» 2 H CH;CH; CH>CH3
16 6-(CH30)—5,7,8-(CH3)3 2 H CH>CH; CH>CH;
17 8-(CH30)—5,6,7-(CH3)3 2 H CH»CHj; CH>CH3
18 6,7-(CH3)3—35,8-(CH3)> 2 H CH>CH;3 CH,CH3
19 5,7-(CH3)» 2 H CH;CH; CH>CHj3
20 5,6,7-(CH3)3 2 H CH;CH3 CH,CHj3
21 6,8-(CH3)7—7-(CH3)2NSQO2 2 H CH;CHj3 CH>CH3
22 6-(CH30)=5,7-(CH3)—8-NO3 2 H CH;CH; CH,CHj;
23 7-CH3CO—6,8-(CH3)> 2 H CH>CH; CH;CHj
24 8-CH3CO=—5,6,7-(CH3)3 2 H CH;CH; CH»CH3
25 5,6,7,8-(CH3)4 2 H CH;CH=CH; CH;CH3
26 6,8-(CHj)» 2 H CHxC=CH CH>CH3
27 H 2 Na CH>CHzjs CH,CH>CH3
28 H 1 H CH>CHj CH>CH3
29 5,7-(CH3)» 1 H CH>CHj CH>CH3
30 5,6,7,8-(CH3)4 1 H CH;CH;3 CH,CH3
31 5,6,7,8-(CH3)4 1 H CH>CH;j CH2CH3
32 6-(CH30)—5,7-(CH3)2 1 H CH,CH; CH,CH3
33 5,6,7,8-(CH3)4 1 H CHCH3F CH,CHj
34 H 3 H CH»CHj CH,CH>CHj3;
50 Compound Substituents
No. X)n Y - R4
35 H —QO—C(=0)— H
36 7.-CH3 —C(=0)CH;— CO;CH;CH3
37 H e @ L H
38 5,7-(CH3)> —(— H
33 % H —OCH;— H
40 5,7-(CH3)3 —CHy8— H
41 5,6,7,8-(CH3)4  —CH)S— H
42 5,7-(CH3)s —OQCH;CHy— CO,CH;CH3
It will be evident to those skilled in the art that the '
compounds of formula I can exist in two isomeric forms 60 The compounds of the invention may be prepared by
depending on the stereochemistry on the cyclohexe- a variety of methods and in a further aspect the mven-
none ring at the junction of the rings. In Table 1a com- tion provides methods for the preparation of com-
pounds no 1, 4, 9 to 13, 21, 23, 26, 27, 34 to 36 and 39 pounds of formula I.
comprise a mixture of cis- and trans- isomers; com- Conveniently the preparation of the compounds of
pounds no 3, 6, 8, 14, 15, 16, 17, 18, 19, 20, 22, 24, 25, 28, 65 the invention can be considered m three or four parts.

29, 30, 31, 32, 33, 37, 38, 40 and 41 are believed to be
trans- iosmers; and compounds no 2, 5 and 7 are be-
lieved to be cis- isomers.

Part A involves the formation of a tricyclic 1,3-dione
derivative of formula VIII or IX. This preparation may
be carried out by a variety of methods including:
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(1) intramolecular Michael condensation of an a,f-
unsaturated ketone of formula V, preferably in the pres-
ence of a base, to give a tricyclic 1,3-dione derivative of
formula IX;

(11) reacting an a, S-unsaturated ketone of formula VI

with a malonic acid ester of formula VII, in the pres-
ence of a base to give an intermediate of formula VIII
which may be isolated or hydrolysed directly, prefera-
bly in the presence of a base, to give a tricyclic 1,3-dione
derivative of formula IX. Alternatively the intermediate
of formula VIII may be acylated without isolation as
described in part B below.
Part B involves the acylation of a compound of formula
IX to give a 2-acyl tricyclic 1,3-dione derivative of
formula XIII. Alternatively Part B involves the acyla-
tion of a compound of formula VIII to give a 2-acyl
tricyclic 1,3-dione of formula XIV which may be hy-
drolysed directly, preferably in the presence of a base,
to give a 2-acyl tricychic 1,3-dione derivative of formula
XIII. The acylation reaction may be carried out by
reacting a tricyclic 1,3-dione derivative of formula VIII
or IX with:

(i11) an acid anhydride of formula X in the presence of
either an alkali metal salt of the corresponding acid of
formula XI or an alkoxide salt of formula XII, wherein
M 1s an alkali metal 1on and R is C; to Cg alkyl;

(1v) an acid anhydride of formula X in the presence of
the corresponding acid of formula XV, preferably in the
presence of a Lewis acid or strong proton acid catalyst;

(v) an alkali or alkaline earth metal hydride followed
by reaction with an acid anhydride of formula X or an
acid halide of formula XVI;

(vi) an acid anhydride of formula X in the presence of
a strong organic base such as 4-dimethylaminopyridine
or mmidazole.

Alternatively, this acylation reaction may be carried
out by:

(vi1) reacting a tricyclic 1,3-dione derivative of for-
mula VIII or formula IX with an acid halide of formula
XVI in the presence of a base to give an intermediate
0-acyl derivative of formula XVII; and

(viit) reacting the intermediate of formula XVII with
a Lewis acid or strong proton acid catalyst;

(ix) reacting the intermediate of formula XVII with a
suitable strong organic base such as 4-dime-
thylaminopyridine or imidazole.

Part C involves the formation of a compound of the
invention of formula I wherein R!is hydrogen, that is a
compound of formula II. This reaction may be carried
out either by reacting a 2-acyl tricyclic 1,3-dione deriv-
ative of formiua XIII with:

(x1) an alkoxyamine derivative of formula XVIII, or

(xi1) hydroxylamine to give an intermediate oxime
dertvative of formula XIX and reacting that intermedi-
ate oxime derivative of formula XIX with an alkylating
agent of formula XX, wherein L is a leaving group such
as, for example, chloride, bromide, iodide, sulfate, ni-
trate, methyl sulfate, ethyl sulfate, tetrafluoroborate,
hexafluorophosphate, hexafluoroantimonate, methane-
sulfonate, fluorosulfonate, fluoromethanesulfonate and
irifluoromethanesulfonate.

Part D involves the formation of a compound of the
invention of formula I wherein R! is a substituent other
than hydrogen.

Compounds of the invention of formula I, wherein
R1 forms an acyl derivative of a compound of formula
II, may be prepared from the corresponding com-
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pounds of the invention of formula II by reacting with
an acylation reagent of formula XXI.

Compounds of the invention of formula I wherein R!
IS an inorganic Or organic cation may be prepared from
the compounds of the invention of formula I wherein
R! is hydrogen, that is, compounds of formula II, by
reacting sald compounds of formula II with an inor-
ganic or organic salt. For example, the compounds of
formula I wherein R!is an alkali metal ion may be pre-
pared by reacting the appropriate compound of formula
II with the appropriate alkali metal hydroxide or al-
koxylate. The compounds of formula I wherein Rl is a
transition metal 1on or an organic cation may similarly
be prepared by reacting the appropriate compound of
formula II with an appropriate transition metal salt or
organic base. Alternatively, the compounds of formula
I wherein R! is a transition metal ion or an organic
cation may be prepared by reacting the appropriate
compound of formula I wherein R!is an alkali metal ion
with an appropriate transition metal salt or organic salt.

Accordingly, in a further aspect the invention pro-
vides a process for the preparation of a compound of
formula I, as hereinbefore defined, which process com-
prises: |

reacting a 2-acyl triéyclic 1,3-dione derivative of
formula XIII with an alkoxyamine derivative of for-
mula XVIII to give a compound of the invention of
formula II or reacting the 2-acyl tricyclic 1,3-dione
derivative of formula XIII with hydroxylamine and
alkylating the oxime intermediate of formula XIX with
an alkylating agent of formula XX, wherein L is a leav-
ing group, to give a compound of the invention of for-
mula II; and optionally

reacting the compound of the invention of formula II
with a compound of formula XXI wherein L is a leav-
ing group, to give a compound of the invention of for-
mula 1.

The structures of the compounds described above are
detailed on the following pages.

0O
|
- C—CH;
O
\ ¢
Y—CHR*CO;R v CH;
(X)n X)n
\% V1
RYCH(CO3R);
VII VIII
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-continued
o)
R4 4
(R3C0O);0 R’COM ROM 5
(X)n
N\
Y 0
IX X X1 X11 10
/0
R4 / 0
V4
C
N, 15
(X R
N\
¥ 0O
XII1
20
R3CO,H R3 COhal
25
XTIV XV XVI
30
H>oNOR?2 R2L RIL
35
XVIH XVIII XX XXi
O
Vi 40

 §1

Certain of the intermediate compounds of formulae
V1, VIII, IX, XIII, XIV, XVII and XIX are novel
compounds and therefore in further embodiments the
invention provides novel compounds of formula VI,
VIII, IX, XIII, XIV, XVII and XIX and processes for
the preparation thereof. For example, only one of the
tricyclic diones for formula IX used in the preparation
of the compounds of the invention of formula I, namely,
1,2, 3, 4, 4a, 9b -hexahydrodibenzofuran -2,4-dione, has
previously been described. Accordingly, in a further

60

65
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aspect the invention provides a compound of formula
IX

0O IX
R? 4
(X)n
N\
Y N

wherein X, Y, R4 and n are as hereinbefore defined. In
a further aspect the invention provides a process for the
preparation of tricyclic 1,3-diones of formula IX which
process comprises reacting an a, B-unsaturated ketone
of formula V, wherein X, Y, R4 and n are as hereinbe-
fore defined, by an intramolecular Michael addition
reaction.

|
C—CHj3;

Y—CHRACO5R
(X)n

The compounds of formula I are active as herbicides
and therefore, in a further aspect the invention provides
a process for severely damaging or killing unwanted
plants which process comprises applying to the plants,
or to the growth medium of the plants, an effective
amount of a compound of formula I as hereinbefore
defined.

Generally speaking the compounds of formula I are
selectively active against monocotyledonous plants,
dicotyledonous plants being relatively unaffected by
rates of application of the compounds of the invention
which are severely damaging or lethal to other plant
species.

Moreover, certain of the compounds of formula I are
selectively active within the group of monocotyledon-
ous plants and may be used at a rate sufficient to control
monocotyledonous weeds in cultivated crops, espe-
cially wild grasses in cereal crops. Certain of such com-
pounds of the invention are especially useful in the
control of wild grasses such as wild oats and rye grass in
crops of cultivated monocotyledonous plants such as
wheat, barley and other varieties of cereals.

Accordingly, in yet a further aspect the invention
provides a process for controlling monocotyledonous
weeds in cultivated crops, especially wild grasses in
vegetable and cereal crops, which process comprises
applying to the crop, or to the growth medium of the
crop, a compound of formula I, as hereinbefore defined,
in an amount sufficient to severely damage or kill the
weeds but insufficient to damage the crop substantially.

The compounds of formula I may be applied directly

- to the plant (post-emergence application) and in general

are more effective when applied to the plant post-emer-
gence than pre-emergence.
The compounds of formula I may be used on their

own to inhibit the growth of, severely damage, or kill

plants but are preferably used in the form of a composi-
tion comprising a compound of the invention in admix-
ture with a carrier comprising a solid or liguid diluent.
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Therefore, in yet a further aspect the invention provides
growth inhibiting, plant damaging, or plant killing com-
positions comprising a compound of formula I as here-
inbefore defined and an inert carrier therefor.

Certain of the compounds of formula I exhibit useful
plant growth regulating activity. For example, while
compounds of formula I are selectively active herbi-
cides against wild grasses in crops of cultivated plants at
some rates of application they exhibit plant growth
regulating effects in said crops. |

Plant growth regulating effects may be manifested in
a number of ways. For example, suppression of apical
dominance, stimulation of auxiliary bud growth, stimu-
lation of early flowering and seed formation, enhance-
ment of flowering and increase in seed yield, stem thick-
ening, stem shortening and tillering. Plant growth regu-
lating effects shown in compounds of the invention may
include, for example, tillering and stem shortening in
crops such as wheat and barley.

Accordingly in a still further aspect the invention
provides a process for regulating the growth of a plant
which process comprises applying to the plant, to the
seed of the plant, or to the growth medium of the plant,
an effective amount of a compound of formula I, as
hereinbefore defined.

To effect the plant growth regulating process of the
present invention the compounds of formula I may be
applied directly to the plant (post-emergence applica-
- tion) or to the seed or soil before the emergence of the
plant (pre-emergence) application.

The compounds of formula I may be used on their
own to regulate the growth of plants but in general are
preferably used 1n the form of a composition comprising
a compound of the invention in admixture with a carrier
comprising a solid or liquid diluent. Therefore, in a still
further aspect the invention provides plant growth reg-
ulating compositions comprising a compound of for-
mula I as hereinbefore defined and an inert carrier
therefor.

‘The compositions of the present invention may be in
the form of solids, liquids or pastes. The compositions
include both dilute compositions which are ready for
immediate use and concentrated compositions which
may require dilution before use. Therefore, the concen-

10

15

20

25

30

335

40

tration of the active ingredient in the compositions of 45

the present invention will vary depending on the types
of formulation and whether the composition is ready for
use such as, for example, a dust formulation or an aque-
ous emulsion or whether the composition is a concen-
trate such as, for example, an emulsifiable concentrate
or a wettable powder, which is suitable for dilution
before use. In general the compositions of the present
invention comprise from 1 ppm to 99% by weight of
active ingredient.

The solid compositions may be in the form of pow-
ders, dusts, pellets, grains, and granules wherein the
active ingredient is mixed with a solid diluent. Powders
and dusts may be prepared by mixing or grinding the
active ingredient with a solid carrier to give a finely
divided composition. Granules, grains and pellets may
be prepared by bonding the active ingredient to a solid
carrier, for example, by coating or impregnating the
preformed granular solid carrier with the active ingre-
dient or by agglomeratlon techniques.

Examples of solid carriers include mineral earths and
clays such as, for example, kaolin, bentonite, kieselguhr,
Fuller’s earth, Attaclay, diatomaceous earth, bole, loess,
talc, chalk, dolomite, limestone, lime, calcium carbon-
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ate, gypsum, calcium sulfate, pyrophyllite, silicic acid,
silicates and silica gels; fertilizers such as, for example,
ammonium sulfate, ammonium phosphate, ammonium
niirate and urea; natural products of vegetable origin
such as, for example, grain meals and flours, bark met-
als, wood meals, nutshell meals and cellulosic powders;
and synthetic polymeric materials such as, for example,
ground or powdered plastics and resins.

Alternatively, the solid compositions may be in the
form of dispersible or wettable dusts, powders, granules
or grains wherein the active ingredient and the solid
carrier are combined with one or more surface active
agents which act as wetting, emulsifying and/or dis-
persing agents to facilitate tne dispersion of the active
ingredient in liquid.

Examples of surface active agents include those of the
cationic, anionic and non-ionic tape. Cationic surface

active agents include quaternary ammonium com-

pounds, for example, the long chain alkylammonium
salts such as cetyltrimethylammonium bromide. Ani-
onic surface active agents include: soaps or the alkali
metal, alkaline earth metal and ammonium salts of fatty
acids; the alkali metal, alkaline earth metal and ammo-
nium salts of ligninsulfonic acid; the alkali metal, alka-
line earth metal and ammonium salts of arylsulfonic
acids including the salts of naphihalenesulfonic acids
such as butylnaphthalenesulfonic acids, the di- and tri-
isopropylnaphthalenesulfonic acids, the salts of the con-
densation products of sulfonated naphthalene and naph-
thalene derivatives with formaldehyde, the salts of the
condensation products of sulfonated naphthalene and
naphthalene derivatives with phenol and formaldehyde,
and the salts of alkylarylbenzenesulfonic acids such as
dodecylbenzenesulfonic acid; the alkalh metal, alkaline
earth metal and ammonium salts of the long chain mono
esters of sulfuric acid or alkylsulfates such as laurylsul-
fate and the mono esters of sulfuric acid with fatty alco-
hol glycol ethers. Nonionic surface active agents in-
clude: the condensation products of ethylene oxide with
phenols and alkylphenols such as isooctylphenol, octyl-
phenol and nonylphenol; the condensation products of
ethylene oxide with castor oil; the partial esters derived
from long chain fatty acids and hexitol anhydrides, for
example sorbitan monolaurate, and their condensation
products with ethylene oxide; ethylene oxide/propy-
lene oxide block copolymers; lauryl alcohol polyglycol
ether acetal; and the lecithins.

The liquid compositions may comprise a solution or
dispersions of the active ingredient in a liquid carrier
optionally containing one or more surface active agents
which act as wetting, emuls:fymg and/or dlspersmg
agents. Examples of liquid carriers include: water; min-
eral o1l fractions such as, for example, kerosene, solvent
naphtha, petroleum, coal tar oils and aromatic petro-
leum fractions; aliphatic, cycloaliphatic and aromatic
hydrocarbons such as, for example, paraffin, cyclohex-
ane, toluene, the xylenes, tetrahydronaphthalene and
alkylated naphalenes; alcohols such as, for example,
methanol, ethanol, propanol, isopropanol, butanol, cy-
clohexanol and propylene glycol; ketones such as, for
example, cyclohexanone and i1sophorone; and strongly
polar organic solvents such as, for exampie, dimethyl-
formamide dlmethylsulfomde N-methylpyrrolidone
and sulfolane.

A preferred liquid composition comprises an aqueous
suspenston, dispersion or emulsion of the active ingredi-
ent which is suitable for application by spraying, atom-
1zing or watering. Such aqueous compostions are gener-
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ally prepared by mixing concentrated compositions
with water. Suitable concentrated compositions include
emulsion concentrates, pastes, oil dispersions, aqueous
suspensions and wettable powders. The concentrates
are usually required to withstand storage for prolonged
periods and after such storage to be capable of dilution
with water to for agqueous preparations which remain
homogeneous for a sufficient time to enable them to be
applied by conventional spray equipment. The concen-
trates conveniently contain from 10 to 99%, preferably
10 to 60%, by weight of active ingredient.

Emulsion or emulsifiable concentrates are conve-
niently prepared by dissolving the active ingredient in
an organic solvent containing one or more surface ac-

prepared by grinding together the active ingredient, a
hydrocarbon oil, and one or more surface active agents.
Aqueous suspension concentrates may conveniently be
prepared by ball milling a mixture of the active agent
and preferably at least one suspending agent. Suitable
suspending agents include: hydrophilic colloids such as,
for example, poly(N vinylpyrrolidone), sodium carbox-
ymethylcellulose and the vegetable gums, gum acacia
and gum tragacanth; hydrated colloidal mineral silicates
such as, for example, montmorillonite, beidellite, non-
tronite, hectorite, saponite, sauconite and bentonite;
other cellulose derivatives; and poly(vinyl alcohol).
- Wettable powder concentrates may conveniently be
prepared by blending together the active ingredient,
one or more surface active agents, one or more solid
carriers and optionally one or more suspending agents
and grinding the mixture to give a powder having the
required particle size.

The aqueous suspensions, dispersions or emulsions
may be prepared from the concentrated compositions
by mixing the concentrated compositions with water
optionally containing surface active agents and/or oils.

It should be noted that the compounds of the inven-
tion of formula I wherein Rj is hydrogen are acidic.
Therefore, the compounds of formula I may be formu-
lated and applied as the salts of organic or inorganic
bases. In formulating and employing the compounds of
formula I in the form of their salts either the salts per se,
that is the compounds of formula I wherein R 1s an
inorganic or an organic cation, may be-used in the for-
mulation or the compounds of formula I wherein R is
hydrogen may be used in the formulation and the salts
generated in situ by the use of the appropriate organic
or inorganic base.

The mode of application of the compositions of the
invention will depend to a large extent on the type of
composition used and the facilities available for 1ts ap-
plication. Solid compositions may be applied by dusting
or any other suitable means for broadcasting or spread-
ing the solid. Liquid compositions may be applied by
spraying, atomizing, watering, introduction into the
irrigation water, or any other suitable means for broad-
casting or spreading the liquid.

The rate of application of the compounds of the in-
vention will depend on a number of factors including,
for example, the compound chosen for use, the identity
of the plants whose growth is to be inhibited the formu-
lations selected for use and whether the compound is to
be applied for foliage or root uptake. As a general
guide, however, an application rate of from 0.005 to 20
kilograms per hectate is suitable while from 0.01 to 5.0
kilograms per hectare may be preferred.
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The compositions of the invention may comprise, in
addition to one or more compounds of the invention,
one or more compounds not of the invention but which
possess biological activity. For example, as hereinbe-
fore indicated the compounds of the mvention are in
general substantially more effective against monocoty-
ledonous plants or grass species than against dicotyle-

donous plants or broad-leaved species. As a result, 1n

certain applications the herbicidal use of the compounds

of the invention alone may not be sufficient to protect a

crop. Accordingly in yet a still further embodiment the

invention provides a herbicidal composition comprising

a mixture of at least one herbicidal compound of for-

mula I as hereinbefore defined with at least one other

herbicide.

The other herbicide may be any herbicide not having
the formula 1. It will generally be a herbicide having a
complementary action. For example, one preferred
class is of mixtures comprising a herbicide active against
broad-leaved weeds. A second preferred class i1s of
mixtures comprising a contact herbicide.

Example of useful complementary herbicides include:
A. benzo-2,1,3,-thiadiazin-4-one-2,2-dioxides such as
3-isopropylbenzo-2,1,3-thiadiazin-4-one-2,2-dioxide

(common name bentazon);

B. hormone herbicides and in particular the phenox-
yalkanoic acids such as 4-chloro-2-methylphenoxy
acetic acid (common name MCPA), 2-(2,4-dichloro-
phenoxy)propionic acid (common name dichlor-
prop), 2,4-dichlorophenoxy acetic acid (common
name 2,4,-D) 2,4,5-trichlorophenoxyacetic acid
(common name 2,4,5-T), 4-(4-chloro-2-methyl-
phenoxy)butyric acid (common name MCPB), 4-(2,4-
dichlorophenoxy)butyric acid (common name 2,4-
DB), 2-(4-chloro-2-methylphenoxy)propionic acid
(common name mecoprop), and their derivatives (eg
salts, esters, amides and the like);

C. 3-[4-(4-halophenoxy)phenyl}-1,1-dialkylureas such as
3-[4-(4-chlorophenoxy)phenyl]-1,1-dimethylurea
(common name chloroxuron);

D. dinitrophenols and their derivatives (eg acetates)
such as 2-methyl-4,6-dinitrophenol (common name
DNOC), 2-tertiarybutyl-4,6-dintrophenol (common
name dinoterb), 2-secondarybutyl-4,6-dinitrophenol
(common name dinoseb) and its ester dinoseb acetate;

E. dinitroaniline herbicides such as N’, N'-diethyl2,6-
dinitro-4-trifluoromethyl-m-phenylenediamine (com-
mon name dinitramine), 2,6-dinitro-N,N-dipropyl-4-
trifluoromethylaniline (common name trifluralin) and
4-methylsulfonyl-2,6-dinitro-N,N-dipropylaniline
(common name nitralin);

F. phenylurea herbicides such as N'-(3,4-dichloro-
phenyl)-N,N-dimethylurea (common name diuron)
and  N,N-dimethyl-N'-[3-(trifluoromethyl)phenyl-
Jurea (common name fluometuron);

G. phenyicarbamoyloxyphenylcarbamates such as 3-
[(methoxycarbonyl)amino]phenyl (3-methylphenyl)-
carbamate (common name phenmedipham) and 3-[(e-
thoxycarbonylamino]phenyl phenylcarbamate (com-
mon name desmedipham);

H. 2-phenylpyridazin-3-ones such as 5-amino-4-chloro-
2-phenylpyridazin-3-one (common name pyrazon);

I. uracil herbicides such as 3-cyclohexyl-5,6-trime-
thyleneuracil (common name lenacil), 5-bromo-3-sec-
butyl-6-methyluracil (common name bromactl) and
3-tert-butyl-5-chloro-6-methyluracil (common name
terbacil);
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J. triazine herbicides such as 2-chloro-4-ethylamino-6-
(1so-propylamino)-1,3,5-triazine (common name atra-
zine). 2-chloro-4,6-di(ethylamino)-1,3,5-triazine
(common name simazine) and 2-azido-4-(iso-
propylamino)-6-methylthio-1,3,5-triazine  (common
name aziproptryne);

K. l-alkoxy-2-alkyl-3-phenylurea herbicides such as
3-(3,4-dichlorophenyl)-1-methoxy-1-methylurea
(common name linuron), 3-(4-chlorophenyl)-1-
methoxy-1-methylurea (common name monolinuron)
and 3-(4-bromo-4-chlorophenyl)-1-methoxy-1-
methylurea (common name chlorobromuron);

L. Pyridine herbicides such as 3,6-dichloropicolinic
acld (common name clopyralid) and 4-amino-3,5,6-
trichloropicolinic acid (common name picloram);

M. 1,2,4-trnazin-5-one herbicides such as 4-amino-4,5-
dihydro-3-methyl-6-phenyl-1,2,4-triazine-5-one
(common name metamitron) and 4-amino-6-tert-butyi
4,5-dihydro-3-methylthio-1,3,4-triazin-5-one  (com-
mon name metribuzin);

N. benzoic acid herbicides such as 2,3,6-trichloroben-
zoic acid (common name 2,3,6-TBA), 3,6-dichloro-2-
methoxybenzoic acid (common name dicamba) and
3-amino-2,5-dichlorobenzoic acid (common name
chloramben);

O. anilide herbicides such as N-butoxymethyl- a-

chloro-2',6'-diethylacetanilide (common name buta-

chlor), the corresponding N-methoxy compound

(common name alachlor), the corresponding N-iso-

propyl compound (common name propachlor) and

3',4’-dichloropropionanilide (common name propa-
nil);

dihalobenzonitrile herbicides such as 2,6-
dichlorobenzonitrile (common name dichlobenil),
3,3-dibromo-4-hydroxybenzonitrile (common name
bromoxynil) and 3,5-diiodo-4-hydroxybenzonitrile

(common name ioxynil);

Q. haloalkanoic herbicides such as 2,2-dichloropro-
pionic acid (common name dalapon), trichloroacetic
acid (common name TCA) and salts thereof:

R. diphenylether herbicides such as 4-nitrophenyl 2-
nitro-4-trifluoromethylphenyl ether (common name
fluorodifen), methyl 5-(2,4-dichlorophenoxy)-2-
nitrobenzoate (common name bifenox), 2-nitro-5(2-
chloro-4-trifluoromethylphenoxy)benzoic acid and
2-chloro-4-trifluoromethylphenyl 3-ethoxy-4-
nitrophenyl ether;

S.  N-(heteroarylaminocarbonyl)benzenesulfonamides
such as 2-chloro-N-[(4-methoxy-6-methyl-1,3,5-tria-
zin-2-yl)aminocarbonyllbenzenesulfonamide (com-
monly known as DPX 4189);

T. Aryloxyphenoxypropionate herbicides such as butyl
2-{4-(5-trifluoromethyl-2-pyridyloxy)phenoxy]pro-
pionate (common name fluazifop) and methyl 2-[4-
(2,4-dichlorophenoxy)phenoxy]propionate (common
name diclofop); and

U. miscellaneous herbicides including N,N-dimethyldi-
phenylacetamide (common name diphenamid), N-(1-
naphthyl)phthalamic acid (common name naptalam)
and 3-amino-1,2,4-triazole.

Examples of useful contact herbicides include:

V. bipyridylium herbicides such as those in which the
active entity is the 1,1'-dimethyl-4,4'-dipyridylium
ion (common name paraquat) and those in which the
active entity is the 1,1’-ethylene-2,2’-dipyridylium ion
(common name diquat);

W. organoarsenical herbicides such as monosodium
methanearsonate (common name MSMA); and
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X. amino acid herbicides such as N-(phosphonome-
thyDglycine (common name glyphosate) and its salts
and esters.

The invention is now illustrated by, but in no way
limited to, the following Examples.

EXAMPLE 1

2-[1-(Ethoxyimino)propyl]-1,3-dioxa-1,2,3,4,4a,9,10,-
10a-octahydrophenanthrene (1)

(1) Diethyl malonate (0.69 g; 4.3 mmole) was added to
a solution of sodium metal (0.11 g; 4.7 mmole) in abso-
lute ethanol (30 ml) and the mixture was heated under
reflux for a period of 15 minutes. A solution of 2-acetyl-
3,4-dihydronaphthalene (0.72 g; 4.3 mmole; Chemical
Abstracts, 40, 6069 (1946)) in absolute ethanol 10 ml
was added and the reaction mixture was heated under
reflux for a further period of 6 hours. The ethanol was
removed from the reaction mixture by distillation under
reduced pressure and aqueous 10% sodium hydroxide
solution (10) ml and toluene were added to the residue.
The mixture was heated under reflux for a further 3
hours and then the aqueous layer was separated and
added dropwise to a stirred aqueous solution of 5 N
nydrochloric acid (100 ml) maintained at approximately
60" C. After stirring for a further 30 minutes the aque-
ous mixture was extracted with ethyl acetate (250
ml), the organic phase was dried over anhydrous so-
dium sulfate, and the solvent was removed by distilla-
tion under reduced pressure to give 1,3-dioxa-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene as an oil
(0.33 g).

(1) A mixture of 1,3-dioxa-1,2,3,4,4a,9,10,10a-octahy-
drophenanthrene (0.33 g; 1.5 mmole), zinc chloride
(0.32 g; 2.3 mmole), propionic anydride (0.30 g; 2.3
mmole) and xylene (50 ml) was heated under reflux for
a period of 1.5 hour. The reaction mixture was ex-
tracted with aqueous 5% sodium hydroxide solution (50
ml) and the aqueous extract was separated, acidified
with concentrated hydrochloric acid and extracted
with dichloromethane (50 ml). The organic phase was
separated, dried over anhydrous sodium sulfate. The
solution was concentrated and the product was purified
by chromatography over silica gel (eluent dichloro-
methane) to give 2-propionyl-1,3-dioxa-1,2,3,4,4a,9,10,-
10a-octahydrophenanthrene (80 mg). The product was
characterized by proton nuclear magnetic resonance

speciroscopy. Pmr (6 in ppm; CDCls): 1.20 (3H,t);

1.80-3.50 (10H,m); 7.30 (4H,s); 18.20 (1H,broad).

(m) To a mixture of 2-propionyl-1,3-dioxa-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene (80 mg; 0.3
mmole) and ethoxyamine hydrochloride (60 mg; 0.6
mmole) in ethanol (50 ml) was added an aqueous 1%
sodium hydroxide solution (2 ml). The mixture was
stirred at room temperature for a period of 4 hours and
then the solvent was removed by distillation under
reduced pressure. The residue was dissolved in dichlo-
romethane and the product was purified by chromatog-
raphy over silica gel (eluant dichloromethane) to give
2-{1-(ethoxyimino)propyl]l-1,3-dioxa-1,2,3,4,4a,9,10,10a-
octahydrophenanthrene (37 mg) as a pale yellow oil.

The product was characterized by proton nuclear

magnetic resonance spectroscopy, and the data are re-
corded i Table 2, Example 23.
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EXAMPLE 2

Cis- and trans- |
2-[1-(Ethoxyimino)propyl]-6-methyl-1,3-dioxa-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene (7) and

(1) 7-Methyl-3,4-dihydronaphthalene was converted
into 2-acetyl-7-methyl-3,4-dihydronaphthalene using
the general method outlined by Doyle et al (Tetrahedron
Letters, 1973, 2903).

(i) 6-Methyl-1,3-dioxa-1,2,3,4,4a,9,10,10a-octahydro-
phenanthrene was prepared from 2-acetyl-7-methyl-3,4
-dihydronaphthalene folilowing essentially the same
procedure as that given in Example 1 part (1) and the
compound was isolated as a colourless solid mp 205" C.

(iii) Propionyl chloride (0.42 ml) was added to a solu-
tion of 6-methyl-1,3-dioxa-1,2,3,4,4a,9,10,-10a-octahy-
drophenanthrene (1.0 g) and pyridine (0.39 ml) 1n di-
chloromethane (20 ml) with stirring at 20° C. The solu-
tion was kept at 20° C for 0.5 hours then washed with
dilute hydrochloric acid (1 M, 20 ml), separated and
dried over magnesium sulphate. The solvent was re-
moved under reduced pressure and the residue was
dissolved in toluene (30 ml) and heated under reflux at
90° C. 4-Dimethylaminopyridine (0.03 g) was added to
the solution and heating was continued for 6 hours. The
reaction mixture was concentrated under reduced pres-
sure and the crude product was chromatographed on
silica gel using dichloromethane as eluent. The first
product eluted was 6-methyl-2-propionyl-1,3-dioxa-
1,2,3,4,4a, 9,10,10a-octahydrophenanthrene (200 mg),
isolated as a colourless solid, mp 92° C. The proton
nuclear magnetic resonance spectrum of the product
[CDCl3; 6 in ppm]: 1.16 (3H,t); 1.2 2H,m); 2.30 (3H,s);
2.0-3.5 (8H,m); 6.98 (3H,bs); 18.08 (0.7H,s); 18.67
(0.3H,s) indicated that it was a single geometrical 1so-
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mer which has been assigned the structure with a cis-

ring junction. :

Later fractions gave a second geometrical isomer,
which is tentatively assigned the structure with a trans-
ring junction, (200 mg) as a colourless solid, mp 90-95°
C. Proton nuclear magnetic resonance spectrum
(CDCl3s; 6 in ppm): 1.16 (3H, t); 1.9-3.5 (10H,m); 2.27
(3H,s); 6.94 (3H,bs); 18.03 (0.4H,s); 18.12 (0.6H,s).

(iv) The two isomers of 6-methyl-2-propionyl-1,3-
dioxa-1,2,3,4,4a,9,10,10a-octahydrophenanthrene were
separately reacted with ethoxyamine hydrochloride
following essentially the same procedure as described in
Example 1 part (iii). The resultant isomers of 2-[1-
(ethoxyimino)propyl]-6-methyl-1,3-dioxa-
1,2,3,4,4a2,9,10,10a-octahydrophenanthrene (7) and (8)
were primarily characterized by their proton nuciear
magnetic resonance spectra and for convenience the
spectroscopic data is recorded in Example 23 Table 2.

EXAMPLE 3

Compounds Nos 2, 3, 4, 5, 6,9, 12 and 13 were pre-
pared starting from the appropriate 3,4-dihydronaph-
thalene and following essentially the same sequence as
described for compounds 7 and 8 in Example 2 parts (i)
to (1v).

Compounds Nos 28 and 34 were prepared in an en-
tirely analogous manner commencing with indene and
benzosuberone respectively and following essentially
the same procedure as that described in Example 2 parts

(i) to (iv).
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Each of the products was characterized by proton
nuclear magnetic resonance spectroscopy and the spec-
troscopic data 1s reported in Table 2, Example 23.

EXAMPLE 4

2-[1-(Ethoxyimino)propyl]-6-(1-hydroxyethyl)-1,3-
dioxa-1,2,3,4,4a,9,10,10a-octahydrophenanthrene (10)

(i) 6-acetyl-1,3-dioxa-1,2,3,4,4a,9,10,10a-octahydro-
phenanthrene was prepared from 2,7-diacetyl3,4-dihy-
dronaphthalene (JCS, 2110, 1953) following essentially
the same procedure as that described in Example 1 part
(i).

(i) To a solution of 6-acetyl-1,3-dioxa-1,2,3,4,4a,9,
10,10a-octahydrophenanthrene (3.95 g) in dimethyl-
formamide (130 ml) was added sodium hydride (0.36 g)
with stirring. The mixture was heated to 110° C. and
propionic anhydride (2.0 g) was added. After 0.5 hours
at 110° C. the mixture was cooled, poured into dilute
hydrochloric acid (200 ml, 5%) and extracted with
dichloromethane. The organic layer was dried over
magnesium sulphate and evaporated to give a yellow
paste (2.3 g). Purification by column chromatography
on silica gel (eluant dichloromethane) gave 6-acetyl-2-
propionyl-1,3-dioxa-1,2,3,4,4a,9,10,10a-octahydro-
phenanthrene as an oil (1.2 g) which was characterized
by its proton nuclear magnetic resonance spectrum
(CDCl3; 6 in ppm): 1.16 (3H,t); 1.6-3.7 (10H,m); 2.58
(3H,s); 7.0-7.9 (3H,m); 18.04-18.70 (1H,4xs).

(11i) A solution of 6-acetyl-2-propionyi-1,3-dioxa-
1,2,3,4,42,9,10,10a-octahydrophenanthrene (0.78 g) and
sodium (0.06 g) in ethanol (50 ml) was stirred while
sodium borohydride (0.15 g) was added portionwise
over a period of 0.5 hour. Stirring was continued at
room temperature for a further 0.5 hour and then the
mixture was quenched with water, followed by dilute
hydrochloric acid. The aqueous mixture was extracted
with dichloromethane (2100 ml) and the dichloro-
methane layer was dried and evaporated to give a yel-
low oil (0.98 g). Purification by column chromatogra-
phy gave 6-(1-hydroxyethyl)-2-propionyl-1,3-dioxa-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene (0.20 g) as a
colourless oil. Proton magnetic resonance spectrum
(CDCl3; & in ppm): 1.14 (3H,t); 1.46 (3H,d); 1.6-3.5
(10H,m); 4.87 (10H,q); 7.1 (3H,bs); 18.10 and- 18.18
(1H,2xs).

(iv) Reaction of 6-(1-hydroxyethyl)-2-propionyl-1,3-
dioxa-1,2,3,4,4a,9,10,10a-octahydrophenanthrene with
ethoxyamine hydrochloride following essentially the
same procedure as that described in Example 1 part (111)
gave 2-[1-(ethoxyimino)propyl]-6-(1-hydroxyethyl)-1,3-
dioxa-1,2,3,4,4a,9,10,10a-octahydrophenanthrene (10)
as a colourless oil. The compound was characterized by
its proton resonance magnetic spectrum (CDCl3; 6 mn
ppm): 1.15 (3H,t); 1.24 (3H,t); 1.48 (3H,d); 1.5-3.5
(I0H,m); 4.12 (2H,q); 4.84 (IH,q); 7.1 (3H,bs); 15.2
(1H,brs). --

EXAMPLE 5

2-[1-(Ethoxyimino)propyl]-6-acetyl-1,3-dioxa-
1,2,3,4,2,9,10,10a - octahydrophenanthrene (11)

To a solution of 2-[1-(ethoxyimino)propyl]-6-(1hy-
droxyethyl)-1,3-dioxa-1,2,3,4,4a,9,10,10a-octahydro-
phenanthrene (10) (0.66 g) in methylene chloride (40
ml) was added, with stirring at 20° C., pyridinium chlo-
rochromate (0.44 g). The mixture was stirred at 20° C.
for 10 minutes then chromatographed on a column of
silica gel (eluant dichloromethane) to give 2-[1-(ethox-
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yimino)propyl}-6-acetyl-1,3-dioxa-1,2,3,4,4a,9,10, 10a-

octahydrophenanthrene (11) as a brown oil. The com-
pound was characterized by its proton nuclear magnetic
resonance spectrum (CDCIl3; 6 in ppm): 1.16 (3H,t); 1.24
(3H,t); 1.16-3.7 (10H,m); 2.56 (3H,s); 4.14 (2H,q);
7.0-7.9 (3H,m); 15.0 (1H,brs).

EXAMPLE 6

2-[1-(Ethoxyimino)propyl]-5,6,7,8-tetramethyl-1,3-
dioxa-1,2,3,4,4a,9,10,10a - octahydrophenanthrene (14)

(1) To a stirred solution of ethyl 4-(2,3,4,5-tetrame-
thylphenyl)butyrate (6.0 g) in dichloromethane (100 m!)
at 0° C. was added titanium tetrachloride (5.3 m) over a
period of 15 minutes. A solution of 1,i-dichloromethyl
methyl ether (2.2 ml) 1n dichloromethane (10 ml) was
then added dropwise as the stirring was continued and
the temperature maintained at 0-5° C. The solution was
stirred for 1 hour at 5° C. and then for 3 hours at 15° C.
and was then poured into ice water. The two-phase
mixture was shaken thoroughly and the organic layer
was separated, dried (MgSO4) and evaporated to give
ethyl 4-(2-formyl-3,4,5,6-tetramethylphenyl)butyrate (6
g) as a pale brown oil. Proton magnetic resonance spec-
trum (CDCIl3; 6 in ppm): 1.26 (3H, t); 1.6-2.0 (2H, m);
2.1-2.5 (14H,m); 2.6-3.0 (2H,m); 4.11 (2H,q); 10.56
(1H,s).

(11) A solution of ethyl 4-(2-formyl-3,4,5,6-tetrame-

thylphenyl)butyrate (5 g) and l-triphenylphos-
phoranylidene-2-propanone (6 g) in toluene (100 mi)
was botled under reflux for 24 hours. The toluene was
removed by evaporation under reduced pressure and
the residue was purified by column chromatography on
.stlica gel (eluant chloroform) to give ethyl 4-[2-(3-0x0-
1-butenyl)-3,4,5,6-tetramethylphenyl]butyrate (5 g) as a
pale brown oil. Proton nuclear magnetic resonance
spectrum {(CDCl3; 6 in ppm): 1.24 (3H,t); 1.6-2.0
(2H,m); 2.1-2.4 (14H,m); 2.40 (3H,s); 2.5-2.8 (2H,m);
- 4.11 (2H,q); 6.12 (1H,d); 7.71 (1H,d).
(111) Sodium methoxide (0.6 g) was added to boiling
~ xylene (40 ml) and the suspension was stirred vigor-
-~ ously as a few millilitres of xylene were distilled from
the flask. Dimethylsulphoxide (0.5 ml) was added to the
suspension followed by ethyl 4-[2-(3-0x0-1-butenyl)-
3,4,3,6-tetramethylphenyl]butyrate (3.2 g) and potas-
sium t-butoxide (1.2 g). A vigorous reaction took place
and a small volume of alcohol distilled from the reac-
tion flask. Heating was continued for a further hour and
another 10 ml of xylene was collected by distillation.
The suspension was then cooled, poured into dilute
hydrochloric acid and ethylacetate (100 ml) was added.
The organic layer was separated, dried (MgSQO4) and
the solvents evaporated under reduced pressure. The
crude product was purified by column chromatography
on silica gel (eluant chloroform/ methanol) to give
3,6,7,8-tetramethyl-1,3-dioxal,2,3,4,4a,9,10,10a-octahy-
drophenanthrene (0.8 g) as a colourless solid. Proton
magnetic resonance spectrum (CDCl3: & in ppm);
2.1-2.2 (12H,bs); 2.3-3.0 (TH,m); 3.6 (1H,m); 5.6 (1H,s);
6.8 (1H,bs).

(1v) Propionic anhydride (0.4 ml) was added to a
stirred suspension of 5,6,7,8-tetramethyl-1,3 dioxa-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene (0.7 g) in
toluene (60 ml). The mixture was heated at 110° C. for
0.5 hour during which a homogeneous solution was
formed. 4-Dimethylaminopyridine (0.10 g) was added
and the solution was heated under reflux for a total of 8
hours at 110° C. The solution was washed with dilute
hydrochloric acid and then the organic layer was dried
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(MgSQO4) and evaporated under reduced pressure. The

crude product was purified by column chromatography
on stlica gel (eluant chloroform) to give 2-propionyl-
5,6,7,8-tetramethyl-1,3-dioxa-1,2,3,4,4a,9,10,10a-
octahydrophenanthrene (600 mg) as a colourless solid.
Proton magnetic resonance spectrum (CDCls; 6 in
ppm): 1.16 (3H,t); 1.9-3.2 (21H,m); 3.4-3.8 (1H,m);
18.05 (0.5H,s); 18.11 (0.5H,s).

(v) Reaction of 2-propionyl-5,6,7,8-tetramethyl-1,3-
dioxa-1,2,3,4,4a, 9,10,10a-octahydrophenanthrene with
ethoxyamine hydrochloride following essentially the
same procedure as that described in Example 1, part (iii)
gave 2-[1-(ethoxyimino)propyl}-5,6,7,8-tetramethyl-1,3-
dioxa-1,2,3,4,4a,9,10,10a-octahydrophenanthrene (14)
as a low-melting point crystalline solid. The compound
was characterized by its proton magnetic resonance

spectrum and the data are recorded in Table 2, Example
23.

EXAMPLE 7

Compounds Nos 15, 16, 17, 18, 19 and 20 were pre-
pared starting from the appropriate 4-(substituted
phenyl) butyric acid ester and following essentially the
same procedure as described for compound 14 in Exam-
ple 6 parts (i) to (v).

Each of the necessary starting 4-(substituted phenyl)
butyric acid esters was prepared by standard literature
methods and the final products were characterized by
proton magnetic resonance spectroscopy and the spec-
troscopic data is reported in Table 2, Example 23.

EXAMPLE 8

6,8-Dimethyl-7-N,N-dimethylsulfamoyl -2-
[1-(ethoxyimino)propyl]-1,3-dioxa-1,2,3,4,4a,9,10,10a
-octahydrophenanthrene (21)

(1) To an ice cooled solution of 6,8-dimethyl-2-pro-
pionyl-1,3-dioxa-1,2,3,4,4a,9,10,10a-octahydro-
phenanthrene (0.70 g) in chloroform (20 ml), chlorosul-
fonic acid (1.3 ml) was added dropwise with stirring.
The mixture was stirred for 3 hours at 0°-5° C. then
poured onto ice. The organic layer was separated and
then treated with stirring with excess of an aqueous
solution of dimethylamine (3 ml, 20%). The two phase
reaction mixture was stirred for 3 hours at room tem-
perature and then acidified with dilute hydrochloric
acid. The chloroform layer was separated, dried (Mg
SO4) and evaporated to give 6,8-dimethyl-7-N,N-dime-
thylsulfamoyl-2-propionyl-1,3-dioxa-1,2,3,4,4a,9,10,10
a-octahydrophenanthrene (0.70 g, 73%) as a low-melt-
ing point solid.

(1) A mixture of 6,8-dimethyl-7-N,N-dimethyl-sul-
famoyl-2-propionyl-1,3-dioxa-1,2,3,4,4a,9,10,10a-
octahydrophenanthrene (0.70 g), ethoxyamine hydro-
chloride (0.25 g) and sodium acetate (0.25 g) was stirred
in ethanol (30 ml) for 18 hours. The ethanol was re-
moved under reduced pressure and the residue was
partitioned between water and chloroform. The chloro-
form layer was dried (MgSO)4) and evaporated to give
6,8-dimethyl-7-N,N-dimethylsulfamoyl-2- [1-ethox-
yimino)propyl}-1,3-dioxa-1,2,3,4,4a,9,10, 10a-octahy-
drophenanthrene (21) as a brown oil (600 mg). The
compound was characterized by its proton magnetic
resonance spectrum which 1s recorded in Table 2, Ex-
ample 23.
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EXAMPLE 9

2-[1-(Ethoxyimino)propyl]-6-methoxy-5,7-dimethyl-8-
nitro

-1,3-dioxa-1,2,3,4,4a,9,10,10a-octahydrophenanthrene
(22)

(1) A mixture of fuming nitric acid (0.5 g), acetic
anhydride (0.5 g) and acetic acid (0.5 g) was added
dropwise with stirring to an ice-cooled solution of 6-
methoxy-5,7-dimethyl-2-propionyl-1,3-dioxa-1,2,3,4,44,
9,10,10a-octahydrophenanthrene (1.5 g) in acetic anhy-
dride (3 ml). The mixture was stirred at room tempera-
ture (20° C.) for 12 hours and then poured into water
and extracted with diethyl ether. The ether layer was
dried and evaporated and the crude product was chro-
matographed on silica, eluting with dichloromethane.
Pure 6-methoxy-5,7-dimethyl -8-nitro-2-propionyi-1,3-
dioxa-1,2,3,4,4a,9,10,10a-octahydrophenanthrene was
obtained as a pale yellow oil (0.2 g, 12%).

(ii) The trione from part (1) was reacted with ethox-
yamine following essentially the same procedure as
described in Example 8, part (ii). 2-[1-(ethoxyimino)-
propyl]-6-methoxy-5,7-dimethyl8-nitro-1,3-dioxa-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene (22) was
obtained as a pale yellow oil which was characterized
by its proton magnetic resonance spectrum which 1s
recorded in Table 2, Example 23.

EXAMPLE 10

7-Acetyl-6,8-dimethyl-2-[1-(ethoxyimino)propyl]-1,3
-dioxa - 1,2,3,4,4a,9,10,10a-octahydrophenanthrene (23)

(1) A mixture of aluminum trichloride (1.5 g, 11 m
mole) and 6,8-dimethyl-2-propionyl-1,3-dioxa-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene (1.0 g, 3.3 m
mole) in dichloroethane (20 ml) was cooled to 0°-5° C.
and stirred for 0.5 hours. Acetyl chloride (0.7 ml, 10 m
moie) was added and stirring was continued as the solu-

tion was allowed to come to room temperature. After |

15 hours the solution was poured into dilute hydrochlo-
ric acid and the whole was stirred and heated until all
the dichloroethane had evaporated. The crude product
was extracted into chloroform and the chloroform layer
was dried (Mg SO4) evaporated and chromatographed
over silica, eluting with chloroform. 7-Acetyl-6,8-
dimethyl-2-propionyl-1,3-dioxa-1,2,3,4,4a,9,10,10a-
octahydrophenanthrene was obtained as a colourless
oil, proton magnetic resonance spectrum (CDCl3; 6 in
ppm): 1.18(3H,t); 2.08(3H,s); 2.18(3H,s); 2.42(3H,s);
2.0-3.6 (10H,m); 6.81(0.5H,s); 6.95(0.5H,s); 18.1(1H,
broad).

(ii) The trione from part (i) was reacted with ethoxya-
mine following the same procedure as given in Example
8, part (ii). 7-Acetyl-6,8-dimethyl-2-{1-(ethoxyimino)-
propyl]-1,3-dioxa-1,2,3,4,4a,9,10,10a-octahydro-
phenanthrene (23) was obtained as a pale brown oil
which was characterized by its proton magnetic reso-
nance spectrum which is recorded in Table 2, Exampie
23.

EXAMPLE 11

8-Acetyl-5,6,7-trimethyl-2-[1-(ethoxyimino) propyl]-
1,3-dioxa-1,2,3,4,4a,9,10,10a-octahydrophenanthrene
(24) was prepared from 5,6,7-trimethyl-2-propionyl-1,3-
dioxa-1,2,3,4,4a,9,10,10a-octahydrophenanthrene  fol-
lowing essentially the same procedure as given in Ex-
ample 10, parts (i) and (ii). The product was character-
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ized by its proton magnetic resonance spectrum which
is recorded in Table 2, Example 23.

EXAMPLE 12

Compounds Nos 25 and 26 were prepared by reaction
of the appropriate alkoxyamine with the appropriate
2-propionyl-1,3-dioxa-1,2,3,4,4a,9,10,10a  -octahydro-
phenanthrene according to the procedure given in Ex-
ample 8, part (ii)). The compounds were characterized
by their proton magnetic resonance spectra which are
recorded in Table 2, Example 23.

EXAMPLE 13

Sodium salt of |
2-[1-(ethoxyimino)butylj-1,3-dioxa-1,2,3,4,4a,9,10,10a-
octahydrophenanthrene (27)

A solution of sodium hydroxide (0.75 ml of a 2%
solution) was added to a solution of 2-[1-(ethoxyimino)-
butyl}-1,3-dioxa-1,2,3,4,4a,9,10,10a-octahydro-
phenanthrene (1) (0.12 g) in ethanol (3 ml) at room
temperature. The solution was evaporated under re-
duced pfessure and the residue was azeotroped with
toluene to remove all the water. The sodium sait (27)

(135 mg) was obtained as a pale brown noncrystalline
solid, mp >200° (dec).

EXAMPLE 14

5,7-Dimethyl-2-[1-(ethoxyimino)propylj-1,3-dioxa-
1,2,3,4,4a,9a-hexahydrofluorene (29)

(i) Reaction of methyl 3-(3,5-dimethylphenyl) propio-
nate with dichloromethyl methyl ether according to the
method given in Example 6, part (i) gave a mixture of
methyl 3-(3,5-dimethyl-4-formyl phenyl) propionate
and methyl 3-(3,5-dimethyl-2-formyl phenyl) propio-
nate. Treatment of this mixture of aldehydes with 1-tri-
phenylphosphor anylidene-2-propanone following the
conditions described in Example 6, part (ii) gave a mix-
ture of methyl 3-[3,5-dimethyl-4-(3-0x0-1-butenyl)phe-
nyl] propionate and methyl 3-[3,5-dimethyl-2-(3-0x0-1-
butenyl) phenyl] propionate.

(ii) The mixture of isomeric butenones from part (11}
(4.3 g, 16.5 m mole) in xylene (30 ml) was added to a
stirred suspension of potassium tertiary butoxide (1.86
g, 16.5 m mole) in boiling xylene (70 ml). The mixture
was stirred and refluxed for 0.75 hours and then poured
into dilute aqueous sodium hydroxide. The aqueous
layer was separated, acidified and extracted with ethyl
acetate. The organic layer was dried (MgS0O4) and
evaporated to give 5,7-dimethyl-1,3-dioxa-1,2,3,4,4a,9a-
hexahydrofluorene as a brown glassy solid (2.9 g).

(iti) Reaction of §,7-dimethyl-1,3-dioxa-1,2,3,4,4a,
9a-hexahydrofluorene following the procedure given in
Example 6, parts (iv) and (v) gave 5,7-dimethyi-2-[1-
(ethoxyimino)propylj-1,3-dioxa-1,2,3,4,4a,9a -hexahy-
drofluorene (29) as a brown oil. The compound was
characterized by its proton magnetic resonance spec-
trum and the data are recorded in Table 2, Example 23.

EXAMPLE 15

Compounds Nos 30, 31, 32 and 33 were prepared
following the same method as described in Example 14
and starting with the appropriate 3-(substituted phenyl)
propionic acid ester and using the appropriate alkoxya-
mine in the final stage. The compounds were character-
ized in part by their proton magnetic resonance spectra
and the data are recorded in Table 2, Example 23.



4,604,128

23

EXAMPLE 16

[1-(Ethoxyimino)propyl]-10,10a-dihydro-6H-diben-
zo[b,d}-pyran-6,7,9-(6aH,8H)trione (35)

(1) A mixture of benzylchloride (8.8 g), 4-(2-hydroxy
phenyl)-but-3-en-2-one (11.4 g) and anhydrous potas-
stum carbonate (11.0 g) in methyl ethyl ketone (100 ml)
was stirred and heated under reflux for 5 hours. The
mixture was poured into water (300 ml) and extracted
with chloroform (200 ml). The chloroform extracts
were washed with dilute sodium hydroxide solution and
then dried over magnesium sulphate and evaporated to
give 4-(2-benzyloxyphenyl)-but-3-en-2-one (15 g) as a
pale yellow oil.

(1) To a solution of sodium metal (1.5 g) in absolute
ethanol (100 ml) was added diethylmalonate (10.5 g)
and the solution was stirred and heated to boiling. 4-(2-
Benzyloxyphenyl)but-3-en-2-one (15 g) was added to
the solution and stirring and heating were continued for
3 hours. The mixture was cooled and neutralized with
dilute hydrochloric acid and then extracted with chlo-
roform (200 ml). The chloroform extracts were dried
(MgSO4) and evaporated to give 5-(2-benzyloxy)phe-
nyl-4-ethoxycarbonylcyclohexane-1,3-dione as a low-
melting point solid.

(11) Reaction of 5-(2-benzyloxy)phenyl-4-ethoxycar-
bonylcyclohexane-1,3-dione with propionyl chloride
following essentially the same procedure as that de-
scribed in Example 2, part (iii)) gave 5-(2-benzyloxy)-
phenyl-4-ethoxycarbonyl-2-propionylcyclohexane- 1,3-
dione as a pale yellow oil, proton magnetic resonance
spectrum (CDCl3; 6 1n ppm): 0.8-1.3 (6H,m); 2.8-4.3
(8H,m); 35.10 (2H,s); 6.8-7.4 (9H,m); 18.13 and 18.22
(1H,2xs).

(iv) To a solution of 5-(2-benzyloxy)phenyl-4-ethox-
ycarbonyl-2-propionylcyclohexane-1,3-dione (2.1 g) in
ethyl acetate (100 ml) was added 10% palladium on
charcoal (380 mg) and the suspension was stirred vigor-
ously at room temperature under a hydrogen atmo-
sphere for 2.5 hours. The catalyst was removed by
filtration and the filtrate was concentrated under re-
duced pressure to give 5-(2-hydroxyphenyl)-4-ethox-
ycarbonyl-2-propionylcyclohexane-1,3-dione as a pale
yeliow o1, proton magnetic resonance spectrum
(CDCl3; 6 in ppm): 0.8-1.3 (6H,m); 2.8-4.3 (8H,m);
6.6-7.2 (4H,m); 18.2 (1H,bs); phenolic OH not ob-
served.

(v) A solution of 5-(2-hydroxyphenyl)-4-ethoxycar-
bonyl-2-propionylcyclohexane-1,3-dione (100 mg) and
p-toluenesulphonic acid (10 mg) in toluene (5 ml) was
heated under reflux for 1 hour. The solution was
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washed with dilute aqueous sodium bicarbonate and the -

toluene layer was dried (MgSQO4) and evaporated to
give 8-propionyl-10,10a-dihydro-6H-dibenzo[b,d]-
pyran-6,7,9-(6aH,8H)trione (80 mg) as a pale yellow oil,
proton magnetic resonance spectrum (CDCls; & in
ppm): 0.8-1.3 (3H,m); 2.8-4.0 (6H,m); 6.9 (4H,bs); 18.1
(1H,bs).

(vi) Reaction of 8-propionyl-10,10a-dihydro-6H-
dibenzo|b,d]pyran-6,7,9-(6aH,8H)trione with ethoxya-
mine hydrochloride following essentially the same pro-
cedure as that described in Example 8§ part (ii) gave
8-[1-(ethoxyimino)propyl]-10,10a-dihydro-6H,diben-
zopb,d]pyran-6,7,9-(6aH,8H)trione (35) as a yellow oil.
The compound was characterized by its proton mag-

netic resonance spectrum and the data are recorded in
Table 2, Example 23.
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EXAMPLE 17

[1-(Ethoxyimino)propyl]-10a-ethoxycarbonyl-7-meth-
yl-1,3,9-trioxa-1,2,3,4,4a,9,10,10a-octahydrophenanth-
rene (36)

(1) Ethyl 4-benzyloxy-1-ethoxycarbonyl-6-(4-methyl-
phenyl-2-oxo-cyclohex-3-enylacetate was prepared
from ethyl 6-(4-methylphenyl)cyclohexane-2,4-dione
carboxylate following the general method described in
British Pat. No. 1,416,705.

(i1) A solution of ethyl 4-benzyloxy-1-ethoxycarbo-
nyl-6-(4-methylphenyl)-2-oxo-cyclohex-3-enyl acetate
(2 g) and sodium hydroxide (0.44 g) in aqueous ethanol
(50 ml, 1:1) was boiled for 4 hours. Acidification with
dilute hydrochloric acid and extraction of the cooled
aqueous suspension with ethyl acetate gave 4-ben-
zyloxy-1-ethoxycarbonyl-6-(4-methylphenyl)-2-oxo-
cyclohex-3-enylacetic acid as a white solid, mp 217° C.

(1ii)) A suspension of 4-benzyloxy-1-ethoxycarbonyl-
6-(4-methylphenyl)-2-oxo-cyclohex-3-enylacetic  acid
(6.7 g) in sulphuric acid (80%, 100 ml) was heated at 60°
C. for 8 hours and then poured into water (300 ml) and
extracted with ethyl acetate. The ethyl acetate layer
was dried and evaporated to give 10a-ethoxycarbonyl-
7-methyl-1,3,9-trioxa-1,2,3,4,4a,9,10,10a-octahydro-
phenanthrene (5.1 g) as a cream solid, mp 160° C.

(iv) Pyridine (0.4 ml) was added at room temperature
to a stirred solution of 10a-ethoxycarbonyl-7-methyl-
1,3,9-trioxa-1,2,3,4,4a,9,10,10a-cctahydrophenanthrene
(1.0 g) in methylene chloride (20 ml). Propionyl chlo-
ride (0.42 ml) was added to the solution and stirring was
continued for 20 minutes before the mixture was
washed with dilute hydrochloric acid followed by wa-
ter. The methylene chloride layer was separated, dried
and evaporated and the residue was dissolved in tolu-
ene, heated to 100° C. and 4-dimethylaminopyridine
(0.03 g) was added. After 3 hours at 100°-110° C. the
toluene solution was washed with dilute hydrochloric
acid and then extracted with dilute sodium hydroxide
solution and the extracts acidified and extracted with
dichloromethane. After drying, the methylene chloride
layer was evaporated and the crude product was puri-
fied by column chromatography on silica gel (eluant
dichloromethane) to give 10a-ethoxycarbonyl-7-meth-
yl-2-propionyl-1,3,9-trioxa-1,2,3,4.4a,9,10,10a-octahy-
drophenanthrene (0.4 g) as a pale orange solid, mp 120°
C.

(v) Sodium acetate (0.14 g) was added with stirring to
a solution of ethoxyamine hydrochloride (0.17 g) and
10a-ethoxycarbonyl-7-methyl-2-propionyl-1,3,9-trioxa-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene (0.64 g) in
ethanol (70 ml) at 20° C. After 24 hours the solvent was
removed under reduced pressure and the residue was
partitioned between methylene chloride and water.
Evaporation of the dried methylene chloride layer gave
2-[1-(ethoxyimino)propyl)-10a-ethoxycarbonyl-7-meth-
yl-1,3,9-trioxa-1,2,3,4,4a,9,10,10a-octahydrophenanth-
rene (36) as a brown oil (0.7 g).

The compound was characterized by proton nuclear
resonance spectroscopy and the spectroscopic data is
reported in Table 2, Example 23.
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EXAMPLE 18

3-[1-(Ethoxyimino)propyl]-2,4-dioxa-1,2,3,4,4a,9b-hex-
ahydrodibenzofuran (37)

(1) 2,4-Dioxa-1,2,3,4,4a,9b-hexahydrodibenzofuran
was prepared following the method of Takahashi
(Chemical Abstracts 1962: 1504351).

(i) 2,4-Dioxa-1,2,3,4,4a,9b-hexahydrodibenzofuran
was converted into 3-[1-(Ethoxyimino)propyl]-2,4-
dioxa-1,2,3,4,4a,9b-hexahydrodibenzofuran (37) follow-

ing essentially the same procedure as that described in

Example 2 parts (iii) and (iv). The product was charac-
terized by proton magnetic resonance spectroscopy and
the spectroscopic data is reported in Table 2, Example
23.

EXAMPLE 19

Compound No 38 was prepared starting from 2,4-
dimethyl -6-hydroxybenzaldehyde and following the
same procedure as that described in Example 18 parts (1)
and (ii). The product was characterized by proton mag-
netic resonance spectroscopy and the spectroscopic
data is reported in Table 2, Example 23.

EXAMPLE 20

8-[1-(Ethoxyimino)propyl]-6a,7,8,9,10,10a-hexahydro-
6H-dibenzofb,d}pyran-7,9-dione (39)

(i) 3-Acetyl-2H-1-benzopyran was prepared accord-

~ ing to the method of DeBoer (J. Org. Chem., 39, 2426

(1974)).

(ii) Starting from 3-acetyl-2H-1-benzopyran and fol-
lowing essentially the same procedure as described in
Example 2 part (ii) and then Example 6 parts (iv) and (v)
gave 8-[1-(ethoxyimino)propyl]-6a,7,8,9,10,10a-hexahy-
dro-6H-dibenzo[b,d]pyran-7,9-dione (39). The com-
pound was characterized by proton magnetic resonance

spectroscopy and the spectroscopic data is reported in
Table 2, Example 23.

EXAMPLE 21

3-[1-(Ethoxyimino)propyl]-8,10-dimethyl-
1,2,3,4,4a,10b-hexahydro-6H-dibenzo[b,d]thiopyran-
2,4-dione (40)

(i) Ethyl (3,5-dimethylbenzyl)thioacetate was con-
verted into an approximately 1:1 mixture of ethyl {2-(3-
oxo-but-1-enyl)-3,5-dimethylbenzyllthioacetate and
ethyl [4-(3-0x0-but-1-enyl)-3,5-dimethylbenzyljthioace-
tate following essentially the same procedure as that
described in Example 6 paris (i) and (ii). The mixture
was reacted under the conditions described in Example
6 part (iii) to give 8,10-dimethyl-1,2,3,4,4a,10b-hexahy-
dro-6H-dibenzo[b,d]thiopyran-2,4-dione plus unreacted
~ ethyl [4-(3-0x0-but-1-enyl)-3,5-dimethylbenzyl]thioace-
tate.

(1) 8,10-Dimethyl-1,2,3,4,4a,10b-hexahydro-6H-
dibenzofb,d]thiopyran-2,4-dione was converted into
3-[1-(ethoxyimino)propyl]-8,10-dimethyl-2,3,4,4a,10b-
hexahydro-6H-dibenzo[b,d]thiopyran-2,4-dione ~ (40)
following essentially the same procedure as that de-
scribed in Example 6 parts (iv) and (v). The compound
was characterized by its proton magnetic resonance
spectrum and the data are recorded in Table 2 Example

23.

EXAMPLE 22

Compound No 41 was prepared starting from ethyl
(2,3,4,5-tetramethyl benzyl) thioacetate and following

10

15

20

25

30

35

40

26

the procedure outlined in Example 21, parts (i) and (i1).
The compound was characterized by its proton mag-
netic resonance spectrum and the data are recorded in

Table 2, Example 23.
EXAMPLE 23

The majority of the compounds of the invention were
obtained as oils and were characterized by, and can be
identified by, their nuclear magnetic resonance spectra.
For convenience proton magnetic resonance (pmr)
spectroscopic data is recorded in Table 2 below.

TABLE 2

Compound No Appearance

Proton Chemical Shift 6 in
ppm (CDCl3)

1

10

11

45

50

35

60

65

12

13

14

15

16

17

18

pale yellow
oil

pale yellow

ol

pale yellow
oil

pale yellow
oil

pale yellow
soiid

pale yellow
oil

brown oil

brown oil

pale yellow
oil

colourless
oil

brown oil

pale yellow
oil

pale yellow
oil

colourless

ol

pale yellow

oil

pale yellow
o1l

pale yellow
o1l

pale yellow
oil

1.07.1.40(6H,m); 1.90-3.00
(9H,m); 3.40(1H,m); 4.12(2ZH,
q); 7.14(4H,s); 14.90(1H,s).
1.0-1.4(6H,m); 1.6-3.7(10H,
m); 4.11(2H,q); 7.1(4H,bs);
14.8(1H,broad).
1.0-1.4(6H,m); 1.7-3.6(10H,
m); 4.10(2H,q); 7.1(4H,bs);
14.8(1H,broad)
0.8-1.1(3H,m); 1.33(3H,t);
1.5-3.6(12H,m); 4.12(2H,q);
7.1(1H,bs); OH not observed
0.99(3H,t); 1.31(3H,t);
1.4-3.45(12H,m); 4.10(2H.,q);
7.1(4H,bs); 15.2(1H,broad)
0.96(3H,t); 1.30(3H,1);
1.4-1.8(2H,m); 1.9-3.1(9H,
m); 3.3-3.7(1H,m); 4.10(2H,
q); 7.14(4H,s); 15.0(1H,
broad)

1.0-1.5(6H,m); 2.28(3H,s);
2.1-3.5(10H,m); 4.08(2H,q);
7.0(3H,bs); 14.8(1H,broad)
1.0-1.4(6H,m); 2.28(3H,s);
2.0-3.6(10H,m); 4.09(2H,q);
6.95(3H,bs);d 14.8(1H,broad)
1.0-1.4(6H,m); 2.27(3H,s);
2.0-3.5(10H,m); 4.08(2H,q);
6.8-7.1(3H,m); 14.9(1H,
broad) —
1.15(3H,t); 1.24(3H,t);
1.48(3H,d); 1.5-3.5(10H,m);
4.12(2H,q); 4.84(1H,q); 7.1
(3H,bs); 15.2(1H,broad s).
1.16(3H,t); 1.24(3H,t); 1.6-
3.7(10H,m); 2.56(3H,s); 4.14
(2H,q); 7.0-7.9(3H,m); 15.0
(1H,broad s).

1.16(3H,t); 1.32(3H,t); 2.20
(6H,s); 2.1-3.6(10H,m); 4.12
(2H,q); 6.89(12H,s); 14.92
(1H,broad).

1.0-1.5(6H,m); 2.20(3H,5);
2.28(3H,s); 2.2-3.5(10H,m);
4.12(2H,q); 6.7-6.95(2H,m);
15.0(1H,broad).

1.16(3H,t); 1.32(3H,t); 2.18
(3H,s); 2.22(9H,s); 2.1-3.7
(10H,m); 4.12(2H,q); 15.0
(1H,broad).

1.18(3H,1); 1.33(3H,t); 2.25
(6H,s); 2.4-3.7(10H,m); 3.68
(3H,s); 4.13(2H,q); 6.82(1H,s);

-15.0(1H,bs).

1.19(3H,t); 1.33(3H,t); 2.14
(3H,s); 2.24(3H,s); 2.27(3H,s);
2.2-3.7(10H,m); 3.66 (3H,s);
4.14(2H,q); 15.0(1H, broad).
1.19(3H,t); 1.33(3H,t); 2.22
(9H,bs); 2.1-3.7(10H,m); 3.67
(3H,s); 4.13(2H,q); 15.0

(1H, broad).

1.19(3H,t); 1.33(3H,t); 2.13
(3H,s); 2.23(3H,s); 2.1-3.1
(15H,m); 3.5(1H,m); 4.13(2H,q);
15.0(1H, broad).



Compound No Appearance
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23

24

25

26

27

28
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TABLE 2-continued

pale yellow
oil

brown oil

brown semi-

crystalline
sohid

pale yellow

oil

pale brown
oil

pale brown
oil

pale brown
oil

pale yellow
oil

brown non-
crystalline
solid

brown o1}

brown oil

pale yeliow
solid

colourless
solid

pale yellow
oil
colourless

solid

brown o1l

- yellow oil

brown oil

pale orange

oil

pale orange
sohd

orange oil

Proton Chemical Shift & in
ppm (CDCl3)

1.18(3H,t); 1.33(3H,t); 2.25
(3H,s); 2.30(3H,s); 2.2-3.1
(9H,m); 3.6(1H,m); 4.12(2H,q);
6.83(2H,s); 14.9(1H, broad).
1.19(3H,t); 1.32(3H,t); 2.16
(3H,s); 2.24(6H,s); 2.1-3.1
(9H,m); 3.5(1H,m); 4.12(2H,
q); 6.82(1H,s); 14.9(1H, broad).
1.16(3H,t); 1.33(3H,t); 2.1-3.5
(16H,m); 2.76(6H,s); 4.13(2H,q);
6.89(0.3H,s); 7.02(0.7H,s); 14.9
(1H, broad).

1.18(3H,s); 1.34(3H,t) 2.19
(3H,s); 2.31(3H,s): 2.1-3.2
(9H,m); 3.5(1H,m); 3.70(3H,s);
4.14(2H,q); 15.0(1H, broad).
1.18(3H,t); 1.33(3H,t); 2.09
(3H,s); 2.19(3H,s); 2.1-3.5
(10H,m); 2.44(3H,d); 4.13(2H,
q); 6.81{0.5H,s); 6.95(0.5H,s);
15.0(1H, broad).

1.18(3H,t); 1.33(3H,t); 2.18
(6H,s); 2.25(3H,s); 2.1-3.1
(9H,m); 3.5(1H,m); 15.0(1H,
broad). +
1.18(3H,t); 2.1-3.1(10H,m);
2.18(12H,bs); 4.5(2H,d); 5.3
(2ZH,m); 6.0(1H,m); 15.0(1H,
broad).

1.16(3H,t); 2.19(3H,s); 2.27
(3H,s); 2.1-3.1(10H,m); 3.5
(1H,m); 6.80(1H,s); 15.0(1H,
broad).

not recorded.

1.08(3H,t); 1.30(3H,t); 2.1-
3.7(8H,m); 4.08(2H,q); 7.20
(4H,s); 15.0(1H, broad).
1.17(3H,t); 1.33(3H,t); 2.29
(6H,s); 2.2-3.8(8H,m); 4.13
(2H,q); 6.83(1H,s); 6.92(1H,s);
14.9(1H,bs).

0.99(3H.,t); 1.33(3H,t); 1.5
(2H,m); 2.19(12H,s); 2.1-3.8
(8H,m); 4.12(2H,q); 15.0(1H,
broad):;

1.18(3H,t); 1.33(3H,t); 2.18
(12H,s); 2.2-3.8(8H,m); 4.12
(2H,q); 14.9(1H, broad).
1.18(3H,t); 1.33(3H,t); 2.26
(6H,s); 2.2-3.8(8H,m); 3.70
(3H,s); 4.12(2H,q); 6.72(1H,s);
15.0(1H, broad).

1.18(3H,t); 2.20(12H,s); 2.2~
3.7(8H,m); 4.4(2H,m); 4.56(2H,
dxt); 14.0(1H, broad).
0.96(3H,t); 1.31(3H,t); 1.3-
3.7(12H,m); 4.10(2H,q); 7.1
(4H,bs); 15.0(1H, broad).
1.10(3H,t);1.34(3H,t); 2.5~
4.2(8H,m); 6.7-7.2(4H,m);
15.0(1H, broad).

0.94(3H,t); 1.18(3H,t); 1.35
(3H,t); 2.38(3H,s); 2.4-3.7
(TH,m); 3.92(2H,q); 4.15(2H,
q); 7.1-7.4(3H,m); 7.89
(1H,s); 15.0(1H, broad).
0.9-1.4(6H,m); 2.4-3.0(4H,
m); 3.6-4.2(3H,m); 5.0-5.3
(1H,m); 6.6-7.1(4H,m); OH
not observed.

1.16(3H,t); 1.34(3H,t); 2.27
(3H,s); 2.4-3.1(4H,m); 3.6-
4.0(1H,m); 4.14(2H,q); 5.0
(1H,bd); 6.55(2H,s); 15.0
(1H, broad).

1.0-1.5(6H,m); 2.0-4.9(10H,
m); 6.7-7.1(4H,m); 15.0(1H,
broad).
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TABLE 2-continued

Proton Chemical Shift 6 in
ppm (CDCI3)

1.0-1.4(6H,m); 2.25(3H,s):
2.29(3H,s); 2.3-4.3(10H,m);
6.8(1H,s); 6.91(1H,s): OH not
observed.

1.0-1.4(6H,m); 2.17(12H,bs);
2.1-3.1(4H,m); 4.1{(6H,m);15.0
(1H, broad).

Compound No Appearance

40 orange oil

41 brown oil

EXAMPLE 24

This non-limiting Example illustrates the preparation
of formulations of the compounds of the invention.

(a) Emulsifiable Concentrate

Compound No 13 was dissolved in toluene contain-
ing 7% v/v “Teric” NI13 and 3% v/v “Kemmat”
SC15B to give an emulsifiable concentrate which may
be diluted with water to the required concentration to
give an aqueous emulsion which may be applied by
spraying.

(“Teric” is a Trade Mark and “Teric” N13, is a prod-
uct of ethoxylation of nonylphenol; “Kemmat” is a
Trade Mark and “Kemmat” SC15B 1s a formulation of
calcium dodecylbenzenesulfonate.)

(b) Aqueous Suspension

Compound No 27 (5 parts by weight and “Dyapol”
PT (1 part by weight) were added to an aqueous solu-
tion (94 parts by weight) of “Teric” N8 and the mixture
was ball milled to produce a stable aqueous suspension
which may be diluted with water to the required con-
centration to give an aqueous suspension which may be
applied by spraying. (“Dyapol” 1s a Trade mark and
“Dyapol” PT 1s an anionic suspending agent; ‘“Teric”
N8 1s a product of ethoxylation of nonylphenol.)

(¢) Emulsifiable Concentrate

Compound No 13 (10 parts by weight), “Teric’” N13
(5 parts by weight) and “Kemmat” SC15B (5 parts by
welght) were dissolved 1n “Solvesso™ 150 (80 parts by
weight) to give an emulsifiable concentrate which may
be diluted with water to the required concentration to
give an aqueous emulsion which may be applied by
spraying. (““Solvesso” is a Trade Mark and *“Solvesso™
150 1s a high boiling point aromatic petroleum fraction.)

(d) Dispersible Powder

Compound No 13 (10 parts by weight), “Matexil”
DA/AC (3 parts by weight), “Aerosol” OT/B (1 part
by weight) and china clay 298 (86 parts by weight) were
blended and then milled to give a powder composition
having a particle size below 50 microns. (“Maiexil” is a
Trade Mark and “Matexil” DA/AC is the disodium salt
of a naphthalenesulfonic acid/formaldehyde conden-
sate; “Aerosol” 1s a Trade Mark and *“aerosol” OT/B is
a formulation of the dioctyl ester of sodium sulfosuc-
cinic acid.)

(e) High Strength Concentrate

Compound No 13 (99 parts by weight), silica aerogel
(0.5 parts by weight) and synthetic amorphous silica
(0.5 parts by weight) were blended and ground in a
hammer-mill to produce a powder having a particle size
less than 200 microns.

() Dusting Powder

Compound No 13 (10 parts by weight), attapulgite
(10 parts by weight) and pyrophyllite (80 parts by
weight) were thoroughly blended and then ground in a
hammer-mill to produce a powder of particle size less
than 200 microns.
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Emulsifiable concentrates and/or suspensions of the
compounds of the invention were prepared essentially
as described in part (a), (b) or (c) above and then diluted
with water, optionally containing surface active agent
and/or oil, to give aqueous compositions of the required 3
concentration which were used, as described in Exam-
ples 25 and 26 and 27, in the evaluation of the pre-emer-
gence and post-emergence herbicidal activity of the

compounds.

10
EXAMPLE 25

The pre-emergent herbicidal activity of the com-
pounds of the invention formulated as described in Ex-
ample 24 was assessed by the following procedure:

The seeds of the test species were sown in rows 2 cm
deep in soil contained in seed boxes. The monocotyle-
donous plants and the dicotyledonous plants were sown
in separate boxes and after sowing the two boxes were
sprayed with the required quantity of a composition of
the invention. Two duplicate seed boxes were prepared 20
in the same manner but were not sprayed with a compo-
sition of the invention and were used for comparisqn
purposes. All the boxes were placed in a glass house,
lightly watered with an overhead spray to initiate ger-
mination and then sub-irrigated as required for optimum 2>
plant growth. After three weeks the boxes were re-
moved from the glass house and the effect of the treat-
ment was visually assessed. The results are presented in
Table 3 where the damage to plants is rated on a scale
of from 0 to 5 where O represents from O to 10% dam-
age, 1 represents from 11 to 30% damage, 2 represents
from 31 to 60% damage, 3 represents from 61 to 80%
damage, 4 represents from 81 to 99% damage and 5
represents 100% kill. A dash (-) means that no experi-

15

30

ment was carried out. 3
The names of the test plants are as follows:
Wh: Wheat
Or: Wild Oats
Rg: Ryegrass 40
Jm: Japanese millet
P: Peas
Ip: Ipomea
Ms: Mustard
Sf: Sunflower 45
TABLE 3
Pre-emergent Herbicidal Activity
Com- Application |
pound Rate TEST PLANT
No (kg/ha) Wh Ot Rg Im P Ip Ms Sf 50
1 1.0 0 2 d n) 0 0 0 0
3 1.0 o 4 5 5 0 o0 O 0
4 0.25 2 3 3 5 — — - =
4 1.0 2 4 5 5 0 0 O 0
6 0.25 0o 4 5 5 0 0 O 0
6 1.0 2 4 5 S 0 0 O 0 I
9 1.0 o 5 5 5 0 0 O 0
14 0.25 1 2 5 4 0 0 O 0
14 1.0 5 5 5 5§ 0 0 O 0
15 1.0 2 0 5 5 0 0 O 0
16 1.0 3 5 5 5 0 0 O 0 -
17 0.25 4 4 5 5 — — - — 60
17 1.0 4 4 5 5 0 2 0 2
18 0.25 0 2 4 5 — — — —
18 1.0 4 5 5 5 0 o0 O 0
19 1.0 5 5 5 5 - = - -
21 1.0 c 2 3 5 0 0 O 0
22 0.25 0 3 4 1l - — - — 65
1.0 4 4 S 5 3 2 0 2
28 1.0 0 4 4 5 0 0 0 0
29 1.0 3 3 5 5 0 0 O 0
31 0.25 3 4 5 5 — = — -

30

TABLE 3-continued
Pre-emergent Herbicidal Activity

Com- Application

pound Rate u TEST PLANT

No (kg/ha) Wh Ot Rg Jm P Ip Ms Sf
31 1.0 3 4 5 5 60 0 O 0
34 1.0 3 3 5 5 c 0 O 0
38 1.0 1 2 5 5 ¢ o0 0 0
39 1.0 4 2 4 4 0 0 0 O

EXAMPLE 26

The post-emergent herbicidal activity of the com-
pounds of the invention formulated as described in Ex-
ample 24 was assessed by the following procedure.

The seeds of the test species werd sown In rows 2 cm
deep in soil contained in seed boxes. The monocotyle-
donous plants and the dicotyledonous plants were down
in separate seed boxes in duplicate. The four seed boxes
were placed in a glass house, lightly watered with an
overhead spray to initiate germination and then sub-irri-
gated as required for optimum plant growth. After the
plants had grown to a height of about 10 to 12.5 cm one
box of each of the monocotyledonous plants and the
dicotyledonous plants was remvoed from the glass
house and sprayed with the required quantity of a com-

position of the invention. After spraying the boxes were

returned to the glass house for a further 3 weeks and the
effect of treatment was visually assessed by comparison
with the untreated controls. The results are presented in
Table 4 where the damage to plants is rated on a scale
of from 0 to 5 where 0 represents from 0 to 10% dam-
age, 1 represents from 11 to 30% damage, 2 represents
from 31 to 60% damage, 3 represents from 61 to 80%
damage, 4 represents from 81 to 99% damage and 5
represnts 100% kill. A dash (-) means that no experi-

- ment was carried out.

The names of the test plants are as follows:
Wh: Wheat '
Ot: Wild Oats
Rg: Ryegrass
Jm: Japanese millet

P: Peas
Ip: Ipomea
Ms: Mustard
Sf: Sunflower
TABLE 4
Post-emergent Herbicidal Activit
Com- Application
pound Rate TEST PLANT
No (kg/ha) Wh Ot Rg Jm P Ip Ms ST
I 0.25 0 3 2 f - — — —
| 1.0 0 5 5 5 0 0 0 0
2 1.0 0 5 3 4 0 O 0 0
3 1.0 2 4 5 5 0 0 0 0
4 0.25 i 4 4 5 —  — —
4 1.0 4 5 5 5 0 0 0 0
5 1.0 0 5 4 4 0 0 0 0
6 0.25 3 5 5 5 —_ - — —
6 1.0 4 5 5 4 0 D 0 0
7 0.25 4 5 3 5 _ = = —
7 1.0 4 5 5 5 D 0 0 0
8 0.25 3 5 3 4 — — — —
8 1.0 4 5 5 5 0 0 0 0
9 0.25 0 4 3 3 — —
9 1.0 0 5 5 5 0 0 0 0
10 1.0 3 5 4 5 0 0 0 0
11 1.0 4 5 4 5 0 0 0 0
12 1.0 4 5 4 4 0 0 0 0
I3 0.25 0 5 5 5 0 - 0 0 0



Com- Application : . .
pound Rate TEST PLANT : an agpgolg:}at? arri%gnt 1w1f1:h S iml*of an en;u_lsmn pre-
No (ke/ha) Wh Ot Rg Jm P Ip Ms  Sf pared by Lutlng” ml of a solution containmg 21,.,9 g
> — s s o o . - per liter of “Span” 80 and 78.2 g per liter of “Tween” 20
1 00625 1 5 4 4 0 0 0 o in methylcyclohexanone to 500 ml with water. “‘Span”
14 0.25 5 5§ 5 5 0 0 0 0 80 1s a Trade Mark for a surface-active agent compris-
14 1.0 5 5 5 5 0 0 0 0 ing sorbitan monolaurate. “IT'ween” 20 is a Trade mark
g ‘1135 i ; g g’ PP 10 for a surface-active agent comprising a condensate of
> 095 4 5 4 a4 _ _ _ sorbitan monolaurate with 20 molar proportions of
16 10 4 5 5 4 0 0 O 0 ethylene oxide. Each 5 ml emulsion containing a test
17 00625 4 5 4 5 — - - @ compound was then diluted to 40 ml with water and
i; ?-35 ‘; g g g S o 93 3 sprayed on to young pot plants (postemergence test) of
18 00625 4 5 4 s _ . _  _ 15 the species named in Table 5 below. Damage to test
18 0.25 5 s 5 5 . __  _  _ plants was assessed after 14 days on a scale of 0 to 5
18 1.0 5 5 5 5 0 0 O where 0 1s O to 209% damage and 5 is complete kill. In a
ig g-ggﬁ g ‘; g i - = = test for pre-emergence herbicidal activity, seeds of the
19 {0 2 5 5 5 0 0 0 o0 test plants were sown in a shallow slit formed in the
21 0.95 O 4 2 § - — _—  _ 20 suorface of soil in fibre trays. The surface was then lev-
21 1.0 3 5 2 5 0 0 O 0 elled and sprayed, and fresh soil then spread thinly over
%g ?-35 g j i ﬂ: PP the sprayed surface. Assessment of herbicidal damage
58 0.95 0o 4 4 4 — _ 9  _ was carried out after 21 days using the same scale of 0
1% 1.0 3 5 4 4 0 0 0O 0 to 5 as the post-emergence test. In both cases the degree
29 0.25 1 5 3 4 — — — — 25 of herbicidal damage was assessed by comparison with
29 LO 3 5 4 5 0 0 0 0 untreated control plants. The results are given in Table
30 0.5 0 5 4 4 _ _ _  _ ‘below. ash (-) means that no experiment was car-
30 1.0 4 5 5 5 — — — - ried out.
31 0.25 0o 5 2 4 — - — = The names of the test plants were as follows:
31 1.0 2 5 35 5 = —= —  — 30 Mz: Maize
'ﬁ (1,:25 ? 2 g' g E_ _{_]_ _E_ _0_ Ww: Winter wheat
34 1.0 2 5 5 5 0 0 0 O Re: Rice
36 1.0 0 2 4 4 0 0 O 0 Br: Barley
37 1.0 ] 3 4 3 0 0 0 0 Av: Apengfgtua
38 0.2 e ..
38 { 05 g i’ g ;’ g g g g 35 Dg: Digitaria sanguinalis
19 10 0 4 4 4 0 0 O 0 Al: Alopecurus myosuroides
40 0.25 0 3 2 4 - — — St: Setaria viridis
1[1] é-gs i i i j 0 0 0 0 Ec: Echinochloa crus-galli
a1 Lo 3 s 5 5 0 0 0 0 Sh: Sorghum halepense
42 1.0 1 5 5 5 0 o o o 40 Ag:Agropyron repens
TABLE 5
Com-  Application
pound Method Rate TEST PLANT
No (kg/ha) Mz Ww Rc Br Av Dg Al St Ec Sh Ag
] POST 04 4 4 4 4 4 4 4 4 4 4 4
1 POST 02 4 4 4 4 4 4 4 4 4 4 4
1 POST 01 4 2 4 4 4 4 4 4 4 3 3
1 POST 005 2 0 4 3 4 3 3 3 3 2 2
5 POST 08 4 4 4 4 5 4 4 4 5 4 4
5 POST 04 4 4 2 4 4 3 4 4 4 4 4
S POST 0.2 4 4 0 4 4 3 4 4 4 4 4
5 POST 0.1 4 1 4 4 4 1 4 4 4 3 4
6 POST 08 4 2 2 4 4 303 4 4 4 2
6 POST 04 4 1 0 2 4 3 4 4 4 3 2
6 POST 02 4 0 0 2 4 2 3 4 4 3 0
6 POST 01 2 0 0 2 4 1 2 2 4 2 0
7 POST 08 5 4 3 4 5 4 4 5 5 4 4
7 POST 04 5 4 4 4 4 4 4 5 5 4 4
7 POST 02 4 4 0 4 5 4 4 4 5 4 3
7  POST 01 3 0 4 4 3 303 4 4 4 2
8 POST 08 4 4 4 4 5 4 4 4 4 4 4
8 POST 04 4 4 4 4 4 4 4 4 4 4 3
8 POST 02 4 4 2 4 4 4 4 4 4 4 3
8 POST 0.1 4 0 1 2 4 0 4 3 4 3 0
10 POST 08 4 4 4 4 5 5 4 4 5 4 4
10 POST 04 — 4 4 4 4 4 4 4 4 4 3
10 POST 0.2 4 4 4 4 4 4 4 4 4 4 3
10 POST 01 2 0 0 3 4 1 0 2 4 1 0O
11 POST 04 4 2 4 4 - — — =
11 POST 02 4 0 4 4 4 4 4 4 4 — 3
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TABLE 4-continued
Post-emergent Herbicidal Activity
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EXAMPLE 27

The compounds were formulated for test by mixing
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TABLE 5-continued
Com-  Application
pound Method Rate TEST PLANT

No (kg/ha) Mz Ww Rc Br Av Dg Al St Ec Sh Ag
11 POST Q.1 4 0 3 1 4 4 4 4 3 3 0
13 POST 04 4 2 4 4 4 5 4 4 4 4 3
13 POST 0.2 4 0 3 4 4 5 4 4 4 4 1
13 POST 0.1 4 2 3 4 3 4 4 4 4 4 1
13 POST 005 4 0 0 3 0 4 2 2 4 3 0
14 POST 0.2 5 4 4 4 5 4 5 4 5 5 3
14 POST 0.1 5 3 2 4 5 4 5 4 5 5 0
14 POST 005 5 1 0 4 5 3 4 4 5 5 0
15 POST 02 4 0 2 2 1 2 0 4 4 4 2
15 POST 0.1 4 0 0 4 0 2 0 4 4 3 1
16 POST 0.2 5 4 2 4 5 5 4 4 4 4 4
16 POST 0.1 4 4 2 4 4 4 4 4 4 2 3
16 POST 005 4 3 1 4 4 4 4 4 4 |1 1
16 POST 0.02 4 ¢c 0 3 4 4 3 4 3 0 O
17 POST 0.2 5 4 3 5 5 5 4 5 5 4 2
17 POST 0.1 5 4 0 5 5 5 5 5 5 3. 2
17 POST 005 4 0 0 4 4 5 4 4 4 3 0
17 POST 002 4 0 0 3 4 4 3 4 3 1 0
18 POST 0.2 5 4 3 5 5 5 5 5 5 5 4
18 POST 0. 5 4 3 5 5 5 4 5 5 5 2
18 POST 005 5 0 1 4 4 5 4 5 5 4 0
18 POST 0.02 4 c 0 2 4 5 3 4 4 2 0
21 POST 02 4 0 4 4 4 3 4 4 4 4 1
21 POST 0.1 4 0 4 4 2 2 3 4 4 2 2
21 POST 005 2 0 0 1 2 1 0 3 4 2 0
29 POST 0.2 5 1 4 3 4 4 4 4 4 4 2
29 POST (.1 4 0 4 3 4 4 4 4 4 4 1
29 POST 005 4 0 2 1 2 3 4 3 4 4 1
30 POST 0.2 4 1 1 4 4 4 3 4 3 4 2
30 POST (.1 3 0 1 3 4 4 4 3 3 4 1
31 POST 02 4 3 2 4 4 4 3 4 3 4 0
31 POST 0.1 4 0 1 3 4 4 3 3 3 4 1
31 POST 005 4 0 0 2 3 4 3 3 2 3 1
34 POST 04 4 1 3 4 4 3 4 4 5 4 0
34 POST 02 4 0 2 4 4 I 4 4 4 3 0
34 POST 0.1 3 0 1 3 4 0 3 3 4 1 0
36 POST 0.8 4 0 1 4 4 4 4 4 4 4 2
36 POST 04 4 | 0 4 4 4 4 4 4 4 0
36 POST 02 2 0 1 4 O 4 4 0 4 4 0
37 POST 04 3 0 2 0 4 3 4 3 2 0 O
38 POST 04 4 0 4 4 4 2 4 3 4 3 0
38 POST .02 4 0 3 3 4 i 3 3 4 2 0
39 POST 04 5 ] 5 4 5 3 5 55 3 2
39 POST 02 4 1 5 4 5 2 5 § § 1 2
39 POST 0.1 2 0 3 4 4 ] 4 4 5 0 O
40 POST 04 4 0 0 4 4 4 4 4 4 4 2
40 POST 0.2 4 0 O 3 3 3 3 3 4 3 0
41 POST 04 5 1 4 5 5 5 5 5§ 4 4 O
41 POST 02 5 0 4 3 4 5 5 4 3 1 i
41 POST 0.1 4 0 4 2 4 5 4 4 4 2 0
We claim:

1. A compound of formula I,

(X)n

wherein:
Y is a linking group selected from the group consisting ¢n

of;

—(CH3)1—;—CH(CH3)—;—C(CH3),—;

—CH(CH3)CHy—;

—G(CHy);p—;—CH2GCH;—;—C(G)(CHa.
)m—;—GC(G)—; and —NHC(G)—; 65

wherein:

G is selected from oxygen and sulfur;
1 is an integer selected from 1 to 3; and

35

m is zero or an integer selected from 1 and 2;

i1 is zero or an integer selected from 1 to 4;
50 X, which may be the same or different, are indepen-

dently selected from the group consisting of: halogen;
nitro; cyano; Cj to Cgalkyl; Ci to Cgalkyl substituted
with halogen or cyano; hydroxy; C; to Cg alkoxy; C;i
to Cgalkylthio; sulfamoyl; N—(C; to Cg alkyl)sulfam-
oyl: N,N-di(C; to Cg alkyl)sulfamoyl; the group
—(CH3),C(—=A)Z wherein p is zero or one, A 1s
selected from oxygen and sulfur, and Z 1s selected
from the group consisting of hydrogen, hydroxy, Cy
to Cg alkoxy, Ci to Cg alkylthio, amino, N-(C; to Ce
alkyl) amino, N,N-di(C; to Cg alkylamino, N-(C; to
Cg alkanoyl)amino, Cj to Cg alkyl, and C; to Cg halo-
alkyl; the group —NR5R® wherein R> and R¢ are
independently selected from the group consisting of
hydrogen, C; to Cg alkyl, C; to Cg alkanoyl, C; to Ce

haloalkanoyl, Cj to Cgalkylsulfonyl, and benzoyl; the

group —NHC(=B)NR’R? wherein B is selected

- from oxygen and sulfur and R7 and RS are indepen-

dently selected from hydrogen and C; to Cg alkyl;
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and the group —(CH3;)gq—which bridges two adja-
cent carbon atoms of the benzene ring and wherein g
1s an Integer selected from 3 or 4; |

R!is selected from the group consisting of: hydrogen;
an acyl group; and an inorganic or organic cation;
R? is selected from the group consisting of: C; to Cg
alkyl; C; to Cgalkenyl; Cs to Cg haloalkenyl; C; to Cg
alkynyl; C3 to Cg haloalkynyl; and substituted Cj to
Cs alkyl wherein the alkyl group is substituted with

d

a substituent selected from the group consisting of 10

halogen, Ci to Cg alkoxy, Cj to Cg alkylthio, phenyl
and substituted phenyl wherein the benzene ring 1s
substituted with from one to three substituents se-
lected from the group consisting of halogen, C; to Cg

36

monium ton and the tri- and tetra(alky!) ammonium
ions wherein alkyl 1s selected from C; to Cs alkyl
and Cj to C¢ hydroxyalkyl;

R2 is selected from the group consisting of: C; to Ce

alkyl; C) to Cgalkenyl; Cy to C¢ haloalkenyl; Cy to Ce

alkynyl, C3 to Cg¢ haloalkynyl; and substituted Ci to
Ce alkyl wherein the alkyl group 1s substituted with a
substituent selected from the group consisting of
halogen, C; to C¢ alkoxy, C; to Cg alkylthio, phenyl
and substituted phenyl wherein the benzene ring is
substituted with from one to three substituents se-
lected from the group consisting of halogen, Ci to Cg
alkyl, C; to Cg haloalkyl, C; to Cg alkoxy, and Ci to
Ce¢ alkylthio;

alkyl, C; to C¢ haloalkyl, C; to Cg alkoxy, and C; to 15
Cs alkylthio;

R3 is selected from the group consisting of: C; to Cg
alkyl; C; to Cg¢ fluoroalkyl; C; to Cg alkenyl; Cs to Cg
alkynyl; and phenyl; and

R# is selected from the group consisting of: hydrogen; 20
halogen; cyano; Cj to Cg alkyl; and (C; to Cg alkoxy) 3. A compound according to claim 2 wherein:
carbonyl. Y is a linking group selected form the group consisting
2. A Compound according to claim 1 wherein: Y 1s a of:

linking group selected form the group consisting of: —(CH3)1—;—CH(CH3)—;—C(CH3.

R3 is selected from the group consisting of: Ci to Cg
alkyl; C; to Cg fluoroalkyl; Cs to Cg alkenyl; Ca to Cg
alkynyl; and phenyl; and

R4 is selected from the group consisting of: hydrogen;
halogen; cyano; Cj to Cg alkyl; and (C; to Cg alkoxy)
carbonyl.

—(CH3)1—;—CH(CH3)—; —C(CHj3. 25 )»—;—CH(CH3)CH—; |
)—;—CH(CH3)CHy—; —G(CHy)yp—;—CH;GCH;—;—C(G)(CH,s.
—G(CH2)m—;—CH2GCH—;—C(G)(CHa.- )m—;—GC(G)—; and
Ym—;—GC(G)—; and —NHC(G)—;
G—NHC(G)—; wherein:
wherein: 30 G 1s selected from oxygen and sulfur;

G 1s selected from oxygen and sulfur;
1 1s an integer selected from 1 to 3; and
m 1S zero or an integer selected from 1 and 2;
n i1s zero or an integer selecied from 1 to 4;
X, which may be the same or different, are indepen- 35

1 1s an integer selected from 1 to 3; and
m is zero or an integer selected from 1 and 2;
n 1s zero oOr an integer selected from 1 to 4;
X, which may be the same or different, are indepen-
dently selected from the group consisting of: halogen;

dently selected from the group consisting of: halogen;
nitro; cyano; Cj to Cgalkyl; Ci to Cg alkyl substituted
with halogen or cyano; hydroy; C; to Cgalkoxy; C; to
Ce¢ alkylthio; sulfamoyl; N-(C; to Cg alkyl)sulfamoyl;

nitro; cyano; Ci to Ce alkyl; Cq110 Cgalkoxy; Cito Ce

~alkylthio; sulfamoyl; N-(C; to Cg alkyl)- sulfamoyl;

N,N-di(C; to Cg alkylsulfamoyl; the group
-(CH,),C(=A)Z wherein p 1s zero or one, A Is se-

N,N-di(C;1 to Cg alkylsulfamoyl; the group 40 lected from oxygen and sulfur, and Z is selected from
—(CH2),C(=A)Z wherein p is zero or one, A is the group consisting of hydrogen, hydroxy, C1 1o C6
selected from oxygen and sulfur, and Z is selected alkoxy, Cj to Cg alkylthio, amino, N-(C; to Cg¢ alkyl-
from the group consisting of hydrogen, hydroxy, C; amino, N,N-di(C; to Cg alkylamino, N-(Cy to Cg
to Cg alkoxy, C; to Cg alkylthio, amino, N-(C; to Cg alkanoyl)amino, C; to Cg alkyl, and C; to Cg haloal-
alkyl)amino, N,N-di(C; to Cg alkyl)amino, N-(Ci1to ¢ 45  kyl; the group —NR35R® wherein R> and R are inde-
alkanoyl)amino, C; to Cg alkyl, and C; to Cg haloal- pendently selected from the group consisting of hy-
kyl; the group —NR5R® wherein R> and R® are inde- drogen, C; to Cg alkyl, Cy to Cg alkanoyl, C; to Cs
pendently selected from the group consisting of hy- haloalkanoyl, Ci to Cgalkylsulfonyl, and benzoyl; the
drogen, C; to Cg alkyl, C; to Cg alkanoyl, C, to Ce group —NHC(=B)NR'R® wherein B is selected
haloalkanoyl, C; to Cg alkylsulfonyl, and benzoyl; the 50 from oxygen and sulfur and R’ and R® are indepen-
group —NHC(=B)NR’R® wherein B is selected dently selected from hydrogen and Chd 1 to Cgalkyl;
from oxygen and sulfur and R7 and R are indepen- and the group (CH3z)g- which bridges two adjacent
dently selected from hydrogen and C; to Cg alkyl; carbon atoms of the benzene ring and wherein q is an
and the group —(CH3)q— which bridged two adja- integer selected from 3 or 4;

cent carbon atoms of the benzene ring and wherein q 55 Rl, is selected from the group consisting of: hydrogen;

is an integer selected from 3 or 4;

R1is selected from the group consisting of: hydrogen;
C, to Cg alkanoyl; benzoyl and substituted benzoyl
wherein the benzene ring 1s substituted with from
one to three substituents selected from the group
consisting of halogen, nitro, Cy to Cg alkyl and C;
to Cg alkoxy; benzenesulfonyl and substituted ben-
zenesulfonyl wherein the benzene ring is substi-
tuted with from one to three substituents selected
from the group consisting of halogen, nitro, C; to
Cs alkyl and C; Cg alkoxy; and an inorganic or an
organic cation selected from the alkali metals, the
alkaline earth metals the transition metals the am-

60

63

C1 to Cg alkanoyl; benzoyl and substituted benzoyl
wherein the benzene ring is substituted with from one
to two substituents selected from the group consisting
of halogen, nitro, C; to C¢ alkyl and C; to Cg alkoxy;
an alkali metal cation; an alkaline earth cation; a tran-
sition metal cation; the ammonium ion and the tri and

tetra(alkyl) ammonium ions wherein alkyl is selected
from C; to Cg alkyl and Cl to C6 hydroxy-alkyl;

R? is selected from the group consisting of Ci to Cg

alkyl, C; to Cg¢ haloalkyl, Cs to Cg alkenyl, C; to Cs
haloalkenyl and Cj to Cg alkynyl;

R3 is selected from the group consisting of C; to Cg

alkyl;
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R#is selected from the group consisting hydrogen, halo-
gen, C; to Cg alkyl; and (C; to Cg alkoxy) carbonyl.
4. A compound according to claim 3 wherein:

Y is a linking group selected form the group consisting
of:

—(CH32)1—;—CH(CH3)—;—C(CH;.
Yo—;—CH(CH3)CH—;
—G(CH2);—;—CH>2GCH—;—C(G)(CHo-
Y—;—GC(G)—; and —NHC(G)—;
wherein:
G is selected from oxygen and sulfur;
1 is an integer selected from 1 to 3; and
m is zero or an integer selected from 1 and 2;

n is zero or an integer selected from 1 to 4;

X, which may be the same or different, are indepen-
dently selected from the group consisting of: halogen;
nitro; C; to Ce alkyl; Ci to Cg alkoxy; C; to Cg alkyl-
thio; sulfamoyl; N-(C; to C¢ alkyl)suifamoyl; N,N-
di(C; to C¢ alkyl) sulfamoyl; the group —(CHos.
)r—C(=A)Z wherein p is zero or one, A is either
oxygen or sulfur, and Z is selected from the group

- consisting of hydroxy, Ci to Cgalkoxy, Cito Cgalkyl-
thio, amino, N-(C; to Cg alkyl) amino, N,N-di(C; to
Ces alkyl) amino, Cj to Cgalkyl and C; to Cghaloalkyl;
the group —NR"R® wherein R;5 and Rg are indepen-
dently selected from the group consisting of hydro-
gen, Ci to Cealkyl, Cy to Cgalkanoyl, C; to Cg haloal-

J

10

15

20

25

kanoyl, C; to C¢ alkylsulfonyl; and the group —(CHos.

)g—which bridges two adjacent carbon atoms of the

benzene ring and wherein q is an integer selected
from 3 or 4;

R is selected from the group consisting of hydrogen;
Cy to Cg alkanoyl; benzoyl and substituted benzoyl
wherein the benzene ring is substituted with from one
to two substituents selected from the group consisting
of halogen, nitro, Ci to Cg alkyl and C; to Cg alkoxy;
an alkali metal cation; an alkaline earth cation; a tran-
sition metal cation; the ammonium ion and the tr1 and
tetra(alkyl) ammonium ions wherein alkyl 1s selected
from C; to Cg alkyl and C; to Cg hydroxy alkyl;

R2 is selected from the group consisting of Cj to Cg
alkyl, C; to Ce¢ haloalkyl, C; to C¢ alkenyl, C; to Cg
haloalkenyl and Cj3 to C¢ alkynyl; -

R3 is selected from the group consisting of C; to Cg
alkyl: and |

R4 is hydrogen.

5. A compound according to claim 4 wherein:

Y is a linking group selected form the group consisting
of: |
—(CH2)1—;—G(CH2)n—;—CH2GCH2—;
—C(G)(CH2)m—; and —GC(G)—;
wherein:

G is selected from oxygen and sulfur;
1 1s an integer selected from 1 to 3; and
m is zero or an integer selected from 1 and 2;

n is zero or an integer selected from 1 to 4;

X, which may be the same or different, are indepen-
dently selected from the group consisting of halogen;
Ci to Cg alkyl; Ci to Cg alkoxy, C; to Cg alkythio;
sulfamoyl; N-(C; to Cg alkyl) sulfamoyl; N,N-di(C; to
Cs alkyl) sulfamoyl; (Cy to Cg alkanoyl; C; to Cs
haloalkanoyl; and C; to Cg¢ haloalkanoylamino;

R is selected form the group consisting of: hydrogen;
C, to Cg alkanoyl; benzoyl; an alkali metal cation; an
alkaline earth metal cation; a transition metal cation;
the ammonium 1on and the tri and tetra (alkyl) ammo-

30

335

45

30

39

60

65

38

nium ions wherein alkyl is selected from C; to Cg
alkyl and C; to Cg hydroxyalkyl;

R? is selected from the group consisting of C; to Cs
alkyl, Ci to C¢ haloalkyl, Cs to Cg alkenyl, Cj to Cg
haloalkenyl and C3 to Cg alkynyl;

R3 is selected from the group consisting of C; to Cg
alkyl; and

R4 is hydrogen. |
6. A compound according to claim § wherein:

Y is a linking group selected from the group consisting
of:

—CH—;—CH;CHy~—;—CH>;CH)»C-

Hy—;—0—;—5—;
—0—CH—;—OCH;CH>—;—SCH)>—;
—CH,OCH—;—CH3;SCH—;—CO—;
—COCH;—. —COCH,CH—; and —OCO—;

n 1s zero or an integer selected from 1 to 4;

X, which may be the same or different, are indepen-
dently selected from the group consisting of halogen;
Ci to Cg alkyl; Cq to Cg alkoxy; sulfamoyl; N-(Cj to
Ce alkyl) sulfamoyl; N,N-di(C; to Cg alkyl) sulfamoyl
and C; to Cg alkanoyl;

R1is selected from the group consisting of hydrogen;
Cs to Cg alkanoyl; benzoyl, the alkali metal cations;
the alkaline earth metal cations and the transition
metal cations: .

R? is selected from the group consisting of C; to Cg
alkyl, Ci to Cg halo alkyl, C; to Cg alkenyl, Cz to Cg
haloalkenyl and C3 to C¢ alkynyl;

R3 is selected from Cj to Cg alkyl; and

R4 is hydrogen.

7. A compound according to claim 6 wherein:

Y is a linking group selected from the group consisting
of:
—CH;—;—CH,;CHy—;—CH>»CH,;CH7»—;—0—;
—0CHy—;—0CH;CH;—;—SCH)y—; -

—COCH—; |

n is zero or an integer selected from 1 to 4;

X, which may be the same or different, are indepen-
dently selected from the group consisting of Cj to Csg
alkyl; C; to Cg alkoxy; N(C; to Cg alkyl) sulfamoyl;
N,N-di (C; to Cg alkyl) sulfamoyl and C; to Cg alkan-
oyl; |

R1 is selected from the group consisting of hydrogen;
C, to Cg alkanoyl; benzoyl; the alkali metal cations;
the alkaline earth metal cations and the transition
metal cations:;

R2is selected from C; to Cgalkyl, Cito Cqhaloalkyl, C
to Cs alkenyl, Cy to C4 haloalkenyl and C3 to C4 alky-
nyl; |

R3 is selected from C; to Cs alkyl; and

R4 is hydrogen.

8. A compound according to claim 7 wherein:

Y is a linking group selected from the group consisting
of:

—CH—; —CH;CH»—;—CH,CH,CH»—;—0—;

- —0OCH;—;—OCH,CH»—;—SCH)—; and

—COCH)—;

n is zero or an integer selected from 1 to 4;

X, which may be the same or different, are indepen-
dently selected from the group consisting of methyl,
methoxy N-methylsulfamoyl, N,N-dimethyl-sulfam-
oyl, acetyl and propionyl;

R1is selected from the group consisting of hydrogen,
C> to Cg alkanoyl, and the alkali metal cations;

R2? is selected from the group consisting of C; to C3
alkyl, 2-haloethyl, allyl, 3-halo-allyl and propargyl;
and *

and
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R3 is selected from C;p to Cq alkyl; and
R%is hydrogen.

9. A compound according to claim 1 selected from
the group consisting of?:
2-[1-(Ethoxyimino)propyl]-5,6,7,8-tetramethyl-1,3-

dioxa -1,2,3,4,4a,9,10,10a-octahydrophenanthrene;
2-[1-(Ethoxyimino)propyl]-5,8-dimethyl-6,7-trimethy-

lene-1,3-dioxa-1,2,3,4,4a,9,10,10a-octahydro-
phenanthrene;
2-[1-(Ethoxyimino)propyl]-5,6,7-trimethyl-1,3-dioxa-
1,2,3,4,4a,9,10,10a-octahydrophenanthrene;
8-Acetyl-2-[ethoxyimino)propyl]-5,6,7-trimethyl-1, 3-
dioxa-1,2,3,4,4a,9,10,10a-octahydrophenanthrene.

10. A herbicidal composition comprising as active
ingredient a herbicidally effective amount of a com-
pound as defined according to claim 1 and an inert
carrier therefor. |

40

11. A process for severely damaging or killing un-

- wanted plants which process comprises applying to said
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plants, or to the growth medium of said plants, an effec-
tive amount of a compound as defined according to
claim 1 or an effective amount of a composition as de-
fined according to claim 10.

12. A process for selectively controlling the growth
of monocotyledonous weeds in dicotyledonous crops

which process comprises applying to said crop, or to
the growth medium of said crop, a compound as defined
according to claim 1 or a composition as defined ac-

cording to claim 10 in a amount sufficient to severely
damage or kill said weeds but insufficient to substan-
tially damage said crop.

13. A process according to claim 11 or claim 12
wherein the compound is applied at a rate in the range

of from 0.005 to 20 kilograms per hectare.
| *¥ * % % %
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